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PROCEEDINGS OF THE METALLURGICAL SECTION. 


HERBERT E. FIELD, Secretary, 


STANDARD METHODS FOR ANALYSING IRON. 


SULPHUR. 


There are two classes of methods in general use for the deter- 
mination of sulphur in iron: the evolution method, in which the 
sulphur is evolved from the iron as hydrogen sulphide by hydro- 
chloric acid, and taken up in some absorption solution; and the 
gravimetric methods, in which the sulphur is oxidized to sulphuric 
acid and determined as bartum sulphate. 


Evolution Methods. 


There are hundreds of chemists using modifications of this 
method, many of which give but 50 to go percent. of the total 
sulphur in the iron. They know the method to be inaccurate but 
lack of time or disposition to perform the longer and more accurate 
methods cause the great discrepancy in results shown in the work 
of different chemists in determining sulphur in iron, 

The errors in these evolution methods may be due to several 
causes. It has been shown that the rate of evolution of the gas 
causes a wide variation in the sulphur percentages. Matthewman 
(West of Scotland Iron and Steel Inst. Section of 1895 - 6) shows 
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the following almost unbelievable results on a pig iron carrying 
.1§ per cent. sulphur by the gravimetric method. 


Time of Evolution % Sulphur 
Very fast .132 
Rapid .122 
Ordinary rate .092 
Slow .076 
Very slow .049 


Phillips has shown that a part of the sulphur is evolved as an 
organic sulphide which is very volatile and which either passes 
through the absorbtion solution or remains in the evolution flask. 
Shimer & Blair (Mexican meeting American Society of Mining 
Engineers) announced the existence in some irons of a carbon-titan- 
ium-sulphur compound which is not decomposed by hydrochloric 
acid. Others have claimed that arsenic and copper form sulphides 
which are precipitated in acid solutions. Some chemists insist that 
hot hydrochloric acid is necessary for the maximum evolution of 
hydrogen sulphide gas; while others use cold dilute hydrochloric 
acid. The evolution of the sulphuretted hydrogen in air is some- 
times accompanied by the oxidation of some of the gas due to the 
presence of a little ferric chloride. This latter error is avoided by 
many who liberate the gas in an atmosphere of hydrogen. The 
above and some other possible errors render the evolution methods 
at best doubtful for iron. The suggestion that the sample be an- 
nealed before transferring to the evolution glass may solve many of 
these difficulties, provided that further investigations prove to be 
as satisfactory as first experiments. It is considered that sulphur 
may be evolved from iron by heating it in a current of hydrogen. 
At how low a temperature this occurs we do not know, but this fact 
may eventually interfere with a full realization of what is expected 
from the annealing method. ; 


APPARATUS. 
I. A tank of hydrogen or hydrogen apparatus with purifying 
bottle. 


MODIFICATIONS. 


This is very generally omitted. 
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II. Evolution flask; a flat bottom flask fitted with funnel and 
delivery tube. 


MODIFICATIONS. 

A wide necked carbon dioxide flask containing a three hole 
stopper with entrance tube going nearly to the bottom of the flask 
(to connect with the hydrogen apparatus) a small separatory funnel 
and a delivery tube. 


III. Condensing flask; a small flask connected with the deliv- 
ery tube from No. II, containing an entrance and an exit tube; the 
entrance tube passing nearly to the surface of a small amount of 
water in the bottom. 


MODIFICATIONS. 

An empty flask which is surrounded by cold water. 

A two bulb tube in place of flask. 

A water jacketed condensing tube in place of flask. 

No. III is very generally omitted and the delivery tube from 
No. II passes directly to the absorbtion ftask or tube No. IV. 


IV. Absorbtion flask; a small flask or bottle containing the ab- 
sorbtion solution (this connects with III, or II when III is not used. 


MODIFICATIONS. 

Tubes of the following sizes are used in place of flasks: 25 x 
cm. £x8in. 1x 1oin. 

A 350 beaker is used in place of flask. 

A three bulb nitrogen tube is used in place of flask. 


4 
> 


I 
2/ 


SOLUTIONS. 


1. ABSORPTION SOLUTIONS. 

Cadmium chloride solution was used in by far the largest num- 
ber of methods received. These solutions vary greatly in strength. 
A representative selection of those received is given below. The 
proportions have been reduced to liter solutions for uniformity. 





Cd. Cla. | 1.25) 5) 5.44 9/ 12.4) 12.5' 14 15] 20 20) 30 
H2 O 730| 166; 908) 273 370| 125 395 800] 550| 625) 300 
NH3 H2O} 270} 834 92) 727; 630) 875} 605 200} 450] 375) 700 
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Combined Starch and Cadmium Chloride Solution. 

Make 8 grams of fresh starch to a cream with cold water, add 
this to 200 c. c. boiling water, add to the clear part 20 c. c. of hy- 
drochloric acid which throws down a precipitate. When it settles 
decant and dilute the clear solution to 1500 c. c., add to this 40 
grams of cadmium chloride and 1000 c. c. of ammonia. 


Alkaline lead nitrate solution. Add a solution of lead nitrate 
to caustic potash 1.27 sp. gr. until a permanent precipitate is pro- 
duced. Siphon off the clear liquid for use. 


{ Zinc Sulphate 14 | 25 Zine Chloride 20 

Zinc } Water 930 | 875 Water 395 
Solutions } Ammonia 70 | 125 Ammonia 600 
| Hydrochloric Acid 5 


Potassium Hydrate Solution : 1 lb. in 17 litres of water, and a 
10 per cent. solution, are used. 


Sodium Hydrate Solution of 1.10 specific gravity, is used. 


. 
2. Titrating Solution. (The weights given below are the 
number of grams to the litre of water. 


Todine .65 1)1.7 1.75 1.92) 2.3.26] 3.92 3-95 4 4.6 6.5 
Potassium Iodide .g §| 10 3.5 3.6 3i 7: 20 6, 8 to} 9 





25 gr. lodine and 70 gr. potassium iodide are diluted to make 
1c. c. of the solution equal to .005 sulpur when a5 gr. charge is 
taken. 

2.017 grams of potassium permanganate, 30 grams _ of potassi- 
um iodide, 20 c. c. sulphuric acid (1 to 3) andr litre of water. 
Then make this up to 2 litres. L 

Mix 5 grams of potassium iodide, 15 c. c. of sulphuric acid, 
(1 to 1) and 1000 c. c. of water. Add to this the calculated amount 
of potassium permanganate to make the solution titrate 1 c. c. 
equals .or per cent. sulphur for the desired charge to be used. 

6 grams potassium iodide, and 150 c. c. of water are trans- 
ferred to a litre flask, add the amount of potassium permanganate 
deduced from formula,then add 20 c. c. sulphuric acid (1 to 3) and 
make up to 1 litre. 

Divide the iron factor of potassium permanganate solution into 
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1.75 in order to get the number of c. c. permanganate solution to 
make 1 litre of iodine solution. 

IO grams potassium iodide are mixed with 1§ cc. c. dilute sul- 
phuric acid. Add the requisite number of c. c. of potassium per- 
manganate solution. Shake during the addition. Make uptor 
litre with water. t c.c. equals .or per cent. sulphur whena 5 
gram charge is used. 

This solution was standardized against sodium hyposulphite 
and potassium bichromate; sodium thiosulphate (which has been 
standardized against the previous iodine solution); a standard 
(gravimetric) steel sample; standard (gravimetric) shot sample; a 
standard (gravimetric) pig or cast iron sample. 

( The standardizing of the solutions is a very important step in the 
evolution method. The inereasing custom of standardizing the solution 
against a gravimetric standard sample of cast iron produces results nearer 
the total sulphur in some cases than when the sample ts standardized 
against the hvposulphite solution. It would appear, however, that it 
causes a large error in some other instances, for example, if a solution 
is standardised against a sample of cast iron whose gravimetric sulphur 
was say 8, and whose evolved sulphur only .05, the todine solution 
would be given a false value. This would not be noticeable as long as 
the ratio between the evolved and total sulphur held constant in the sam- 
ples analysed. For example, take a sample in which the total and evolv- 
ed sulphur are nearly the same and titrate this with a solution which has 
been standardised against a sample whose evolved and gravimetric sul- 
phur vary greatly, 

The high value given to the standard solution by the great variation 
in the standand sample would cause a wide errer in the sample under 
analysis, ) 


OUTLINE. 

PREPARATORY. 

After weighing out the drillings, they are annealed ina com- 
bustion tube for one-half hour in a current of hydrogen. 
MODIFICATIONS. 

Drillings are placed in a rose crucible and annealed in a cur- 
rent of hydrogen for fifteen minutes. 

Drillings are placed in a porcelain crucible covered with a 
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filter paper and annealed at red heat for fifteen minutes. 
( This step has but recently been introduced, and ts not very general- 
ly used. Tt has already been commented on in the introduction, ) 


FIRST STEP.—Place 10 grams of the finely divided sample in 


the evolution flask and connect up apparatus. 


MODIFICATIONS. 

Weigh out 6.878 grams. (Factor weight.) 

Weigh out 1 to 5 grams according to the supposed sulphur 
percentage in the iron. 

(The charges vary from 1 to 10 grams in the different lists sent 
in.) 


SECOND STEP. 

Pass a current of hydrogen through the apparatus until all the 
air is expelled. (This is very generally omitted in the methods 
sent in.) 


THIRD STEP. 
100 c. c. of hydrochloric acid (1 to 1) (10 c. c. to each gram) 
are run into the flask through the separatory funnel. 


MODIFICATIONS. 

5 c. c. of water per gram is run into the flask from the separa- 
tory funnel and then 5 c. c. per gram of hydrochloric acid is allow- 
ed to drop slowly on the water covered drillings. 

Run 16 c. c. of a (3 to 5) solution of hydrochloric acid directly 
into the flask. 

Run 60 c. c. of hydrochloric acid (1 to 1) to a 3 gram charge, 
directly into flask. 

Run 80 c. c. of hydrochloric acid (1 to 2) to a 5 gram charge, 
directly into flask. 

Add to 5 gram charge roo c. c. of boiling water, then imme- 
diately 50 c. c. strong hydrochloric acid. 


FOURTH STEP. 


Pass a current of hydrogen through the apparatus during the 
whole determination and regulate by this means the flow of bubbles 
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through the absorption solution. (This is very generally omitted 
in the methods sent in.) 


FIFTH STEP. 


When the drillings are dissolved, boil for 15 minutes. Then 
turn off the heat and allow hydrogen to pass cong the as ci 
for ten minutes. 


MODIFICATIONS. 


Heat is applied when the water is added and increased grad- 
ually as the hydrochloric acid is dropped in from the separatory 
funnel until when all the hydrochloric ‘acid is in, the drillings 
should be dissolved and the solution in the flask should be nearly 
to the boiling point. Then boil for ro minutes. 

When the action from the boiling has ceased, draw a current 
of air through the apparatus to free it from hydrogen sulphide gas. 

Boil until the tube connecting the evolution flask with the ab- 
sorption flask is hot and steam begins to condense in it. (No hy- 
drogen is used.) 


( This modification was most generally used in the methods received, 
It does not seem possible that simply boiling the solution would expel suf- 


ficient air from the flask to force out all the evolved hydrogen sulphide 


gas. This would seem especially true as this boiling was in almost every 
case limited to the time that a small amount of steam condensed in the 
evolution tube, The care which some expert chemists take in running a 
current of hydrogen through the apparatus before and after the evolution 
of the hydrogen sulphide would indicate that in a majority of methods in 
general use there would be an error caused by hydrogen sulphide gas if 
left in the evolution flask.) 


SIXTH STEP. 

A.—The absorbtion solution, potassium hydrate solution of 
nitrate of lead, is filtered on a small filter and the lead sulphide is 
washed twice with hot water and then the precipitate and filter are 
thrown into a beaker into which has been placed the instant before 
some powdered potassium chlorate and 5 to 20 c.c. of hydrochloric 
acid, according to the amount of precipitate of lead sulphide. Allow 
to stand in a warm place until fumes partly pass off. Add twice its 
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bulk of water and filter. Heat the filtrate to boiling and make am- 
moniacal. Acidulate with a few drops of hydrochloric acid and add 
5 to 10 c. c. barium chloride solution (1 to 10). Boil 15 to 20 min- 
utes. Allow to stand one-half hour, filter on a Gooch crucible, 
wash with hot water, ignite and weigh as barium sulphate. 

B. —When sodium hydrate and potassium hydrate were used 
for absorbtion solutions, they were transferred to the beaker acidu- 
lated with hydrochloric acid, starch solution was added and then 
the solutions were titrated with standard iodine solution. 

C. —When cadmium chloride was used, the cadmium sulphide 
was collected on a filter, washed, placed in beaker containing cold 
water, enough hydrochloric acid added to dissolve the precipitate 
and titrated with the standard iodine solution. 

D.—When cadmium sulphate was used the same operation 
was carried out as when cadmium chloride was used. 


MODIFICATIONS. 

The cadmium sulphide was filtered through a Gooch crucible, 
dried at 100° C. and weighed direct. 

E.—When zinc chloride or zinc sulphate solutions were used, 
the same operation as indicated in C were carried out. 


Oxidation Methods. 


This method, or some modification of it is generally resorted to 
by chemists when an exact determination of sulphur in iron is re- 
quired. The methed, however, is not without its defects. The 
great variation in the details in order to remedy these defects has so 
changed the original method that in many cases it is hardly recog- 
nizable. From the treatment of the drillings with nitric acid and a 
little sodium carbonate, evaporating to dryness, resolution in hy- 
drochloric acid and precipitation with barium chloride as recom- 
mended and practiced by some prominent chemists, the method 
has been complicated by re-evaporations, the addition of zinc and 
tartaric acid, the use of aqua regia and bromine for solutions, in 
fact every step of the process has been modified until the gravimet- 
ric determination of sulphur in many modern laboratories, means a 
two day’s operation. I make this fact prominent because if the 
short methods are sufficiently accurate for some of the standard 
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authorities who recommend them, it seems a waste of time to en- 
cumber the method with so many so-called improvements for de- 
fects which are many times imaginary. The strong tendency of the 
barium sulphate precipitate to carry down as impurities, barium, 
sodium, potassium, etc., renders the method subject to errors 
which modifications have by no means completely overcome. 


OUTLINE. 

PRELIMINARY. 

The blank analysis of chemicals used. 

A.—Measure out the total amount -of nitric and hydrochloric 
acid used in the determination. Add a little sodium carbonate and 
evaporate to dryness. Redissolve in 15 c. c. of water and 5 to Io 
drops of hydrochloric acid, filter, heat to boiling, add toc. c. of 
barium.chloride, boil 10 minutes, filter, wash, ignite and weigh as 
barium sulphate. The amount found is to be subtracted from the 
total weight of barium sulphate found in the sample. 


MODIFICATIONS, 


Add a pinch of pure Swedish bar iron to the acid solution be- 
fore evaporation. 


B. —Perform an analysis of steel practically free from sulphur. 
The amount of sulphur obtained is considered as due to reagents. 


C. —Perform a determination on a sample of iron, using a 5 
gram charge and the usual amount of reagents, then perform the 
same operation on the same sample using one-half of 5 grams, or 
2% grams for acharge and use the same amount of reagents as 
were used with the five gram charge. Multiply the weight of bari- 
um sulphate obtained in the second determination by two and sub- 
tract from it the weight obtained in the first determination and the 
difference gives the amount of barium sulphate due to reagents. 


( There is a great difference of opinion in regard to the accuracy of 
the ordinary method of determining the sulphuric acid in the chemicals 
used. Some claim that in the Blank determination carried on without a 
sample of iron some sulphuric acid is driven off in the evaporation of the 
original solution to dryness. The use of a small amount of bar tron with 
or sulphur to fix the sulphur as non volatile sulphate of iron is recom- 
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mended to overcome this, Others claim that the only accurate method is 
to perform an accurate determination on the sample of steel which has the 
negligible amount of sulphur, They state that it is not the total amount 
of sulphur in the reagents which is required so much as the amount 
which affeéls the determination. It is also claimed that the prathce of 
using a low sulphur iron to determine the purity of the re-agents largely 
eliminates any errors due to inherent defeéts of the method, ) 


FIRST STEP. 


OXIDATION AND SOLUTION. 

Treat 5 grams of drillings with 40 c. c. of concentrated nitric 
acid and when the action has ceased, heat on the sand bath, adding 
a few drops of hydrochloric acid to complete the solution. 


MODIFICATIONS. 


Treat 5 grams of drillings with a mixture of 5 c. c. concen- 
trated hydrochloric and 40 c. c. strong nitric acid and when the 
action ceases add 40 c. c. of concentrated hydrochloric acid. 

Treat 5 grams with a mixture of 36 c.c. nitric acid and 4 ¢, c. 
hydrochloric acid, or 45 c. c. of nitric acid and 5c. c. of hydro- 
chloric acid. 

Treat 5 grams with 50 c. c. nitric acid and when action ceases 
add 15 c. c. of hydrochloric acid. 

Treat 3-435 grams with 25 c. c. nitric acid and 15 c. c. hydro- 
chloric acid. 


Treat 5 grams of drillings with 20 c. c. of bromine water and 
60 c. c. of water. 

Treat the drillings with a sufficient quantity of dilute bromine 
or nitric acid, patassium bromide and potassium chlorate mix- 
ture. (Method of Noyes and Helmer.) 

Add sufficient amount of aqua regia very slowly to the drillings. 


( There is a difference of opinion as to the best reagents for the oxidation 
and solution of the sample. Blair says that strong nitric acid should be 
used as when dilute nitric or even aqua regia is used, some of the sulphur 
escapes oxidation. Several chemists have pointed out that sulphur ts 
evolved as hydrogen sulphide when iron ts treated with nitric acid or aqua 
regia. Auchy minimizes this evolution by adding aqua regia very slowly.) 
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SECOND STEP. 

EVAPORATION AND REDISSOLVING. 

Add to the solution a small amount of sodium carbonate. 
MODIFICATIONS. 

Add one-half gram sodium carbonate. 

Addone gram of sodium carbonate. 

Add one-half gram of potassium chlorate, 

Add one-half gram of potassium nitrate. 

The addition of any salt is frequently omitted. 


( The addition of the salt has been fouud necessary to keep the sul- 
phuric acid in a non volatile form.) 


B.—Evaporate to dryness. 
MODIFICATIONS. 

When nitric acid or aqua regia have been used for solution the 
evaporation is continued until the solution reaches 10 c. c., then 
add 30 c. c. of hydrochloric acid and evaporate to dryness. 

Heat one-half hour after evaporating to dryness. 

(Some chemists contend that the solution should be simply evaporated 
to dryness and must not be burned, while others are in favor of baking 
Jor one-half hour to destroy carbonaceous matter and to decompose the 


nitrate, as th. latter are supposed to cause the barium sulphate to carry 
down impurities.) 


C.—Redissolve in 30 c. c. of hydrochloric acid. 
D.—Evaporate again to dryness. 

(This evaporation is very generally omitted.) 
E.—Redissolve in from 20 to 40 c. c. of hydrochloric acid. 


(The methods do not agree on the necessity of the second evaporation 
and resolution. Some claim that the step is necessary to render the silica 
insoluble. Others state that even tf the silica does dissolve tt will not be 
precipitated by the barium chloride.) 


THIRD STEP. 

EVAPORATION TO SMALL VOLUME. 

Evaporate until ferric chloride just begins to separate out, then 
add 2 c. c. of hydrochloric acid. 


MODIFICATIONS. 
Evaporate to the same point and add 5 c.c. of hydrochloric acid. 
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Evaporate to the same point and adda few drops of hydro- 
chloric acid. 

Evaporate to small volume, about 10 c. c., but not necessarily 
to the separation of the chloride. 

Evaporate to a syrup after adding 5 grams of sodium chloride. 
(The sodium chloride is supposed to form a double chloride which 
assists in the evaporation to small volume with the smallest possible 
amount of free acid. ) 

(A large number of chemists still cling to the belief that the solution 
must contain the smallest amount possible of free hydrochloric acid at this 
point in the operation. Several chemists have proved thata moderate acid 
solution ts better suited for the correct precipitation than the nearly neu- 
tral solutions former!y used. ) 


FOURTH STEP. 
FILTRATION AND DILUTION. 


Dilute the solution with a small amount of water and filter. The 
filtrate should not exceed 100 c. c. in volume 
MODIFICATIONS. 

The filtrate should equal 200 c. c. in volume. 

The filtrate should be diluted to 400 c. c. in volume. 

The filtrate should be diluted to 75 to 100 c. c. for each gram 
of the charge. 


(It will be noted that a wide difference in opinion is prevalent in 


regard to the strength of the solution best suited for the precipitation of 


the barium sulphate, Some use very concentrated solutions, while others 
state that dilute solutions are necessary. The latest experiments would 
tend to show that the concentrated solution is most favorable to the com- 
plete precipitation .) 

NotrE—In the Noyes & Helmer method the iron is precipitated 
by ammonia before the addition of the barium chloride as in step 


No. 5. 
FIFTH STEP. 

PRECIPITATION. 

Heat the solution to boiling and add 10 ¢, c. of a saturated so- 
lution of barium chloride and allow to stand in the cool over night. 
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MODIFICATIONS. 

Add 5 c. c. of a saturated solution and allow to stand over 
night at a temperature of 40° C. 

In place of the saturated solution the following dilute solutions 
were used. 

a- 10 per cent, solution. b-— 15 ¢. c., 10 per cent. solution, c- 3 
c. c., of a5 percent. solution. d- 5c. c., of a 5 per cent solution. 

Add toc. c. of 5 per cent solution of barium chloride, evapor- 
ate nearly to dryness, add 2c. c. hydrochloric acid, dilute with 
cold water and set aside over night. 

Add toc, c. of a 10 percent. solution of barium chloride, 
evaporate until a film forms on top, add a drop or two of hydro- 
chloric acid then force a stream of water into the solution until it 
reaches 175 c.c., set aside in a cool place over night. 

To the boiling solution add 3 c.c. of barium chloride. Allow to 
stand over night on a warm plate, evaporate till a crust forms, add 
a few drops of hydrochloric acid, dilute with water, evaporate again 
until a crust forms, add a few drops of hydrochloric acid, dilute 
and stand over night at the temperature of the room. 


( The variations in method and solutions used in this step make pos- 
sible several errors, The practice of re-evaporation toa crust after pre- 
cipitation is still adhered to by a majority in spite of the fad? that many of 
our best chemists do not find this to increase the accuracy of the method. 
The practice of precipitating the barium sulphate in concentrated boiling 
solution is held by Arnold to precipitate a basic iron salt, insoluble in very 
dilute hydrochloric acid. Archbutt found that when concentrated and 
somewhat acid solutions were used, the precipitation was complete in two 


hours. 


SIXTH STEP. 


FILTERING AND WASHING THE BARIUM SULPHATE. 


Filter off the barium sulphate precipitate on a small filter. 
Wash with very dilute hydrochloric acid and finally with cold water. 


MODIFICATIONS. 


Filter on a double filter. | a-— Use to per cent. hydrochloric 
acid. b- Use 5 per cent. hydrochloric acid for washing. 





SEVENTH STEP. 
IGNITION AND WEIGHING. 


Ignite wet in weighed platinum crucible until the barium sul- 
phate is white. 


MODIFICATIONS. 

Dry filter and precipitate and ignite in a weighed porcelain 
crucible in a muffle. 

Do not ignite at above a dull red heat. 

Place filter paper in the crucible, apex upward. 

Burn in an open crucible. 

( The chief danger in this step ts the reduction of the sulphate by the 
bunning filter paper and the decomposition of the sulphate if heated at too 
high a temperature.) 

Purifying the barium sulphate. 

When necessary, as shown by a reddish tinge to the precipi- 
tate, the barium sulphate should be fused with sodium carbonate, 
dissolved in water, filtered, accidulated with hydrochloric acid, and 
precipitated with barium chloride. 


(There is one other method in general use which did not fit 
into the outline and a brief description of it is appended. ) 


BAMBER’S METHOD. 

Dissolve 5 grams, or the factor weight 6.878 grams of iron in 
strong nitric acid. Add 10 grams of sodium carbonate, wash into 
a platinum or porcelain dish, evaporate to dryness and ignite over 
an alcohol flame. Treat with water, with the addition of a little 
sodium carbonate, filter, wash with water containing sodium car- 
bonate, acidulate the filtrate with a few drops of hydrochloric acid, 
evaporate to dryness, redissolve in water, add a few drops of hy- 
drochloric acid, and precipitate the boiling solution with barium 
chloride. 
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PROCEEDINGS OF THE METALLURGICAL SECTION. 


HERBERT E. FIELD, SECRETARY, 


STANDARD METHODS FOR ANALYSING IRON. 


PHOSPHORUS. 


There are two general classes of methods in use for the deter- 
mination of phosphorus in iron, viz., the long and short methods. | 
The former would be impracticable as standard methods in general 
work except in instances where especially accurate phosphorus de- 
terminations are required. ‘ None of the methods submitted to me 
for editing gave a description of any of the long methods. When 
they were occasionally mentioned it was to refer to some standard 
authority. This outline, therefore, will consist chiefly of the so- 
called short methods for phosphorus analysis. The most used of 
the long methods are the Acetate method, the Molybdate method, 
and the Combination method. The Molybdate method forms the 
basis of most of the short methods. It is especially adapted for ac- 
curate work on account of the large weight of the molybdate precip- 
itate in comparison to the weight of the phosphorus looked for, the 
molybdate precipitate weighing 63 times the contained phosphorus. 
This fact, perhaps more than any other renders the determination 
of the phosphorus in iron the easiest to check of any of the iron 
analyses. 

There are three short methods in common use. The chief 
variation in them consists in the different methods of determining 
the amount of the phospho- molybdate precipitate. The perman- 
ganate titration is commended for steel analysis by the sub-commit- 
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tee on methods of the International Steel Standards Committee of 
the United States. Unfortunately several authorities state that it 
is not yet recommended for iron analysis. The Alkalimetric meth- 
od introduced by Mr. J. O. Handy is in common use in iron works. 
It is somewhat shorter than the permanganate method. The direct 
weighing of the phospho-malybdate precipitate especially where 
Gooch crucibles are used, and an oven especially fitted up for quick 
drying, makes a method which is as short and perhaps as accurate 
as any of these methods. 


OUTLINE. 


THE CHARGE. 

The amount taken for the charge in the methods examined 
varied from .4 ofa gram to 5 grams. When the gravimetric 
method was used the charges were smaller than with the volumetric 
methods. Several grade their charges according to the amount of 
phosphorus suspected in the sample. The following are a repre- 
sentative of the weights taken for charges. .4075 grams (phos- 
phorus runs between 2.25 and 2.50); I gram; I to 3 grams; I to 5 
grams (according to the phosphorus suspected); 1.63 grams; 2 
grams; 2.6 grams; 3 grams; 3.26 grams; 4 and 5 grams. 


FIRST STEP. 
Dissolving the sample. The following strengths and amounts 
of acids were used by different chemists. 
a- I.1 sp. gr. Nitric Acid. 
60 c. c. fora 2 gram charge was used. 
62 c. c. for a 2 gram charge was used. 
b- 1.12 sp. gr. Nitric Acid. 
30 c. c. for each gram charge was used. 
c- 1.135 sp. gr. Nitric Acid. 
50 c.c. for .4075 gram charge was used. 
50 c. c. for 1 gram charge was used. 


50 c. c. for 1.63 gram charge was used. 
70c. c. fora 2 gram charge was used. 
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75 c.c. for a 2 gram charge was used. . 
100 c. c. for a 2 gram charge was used. 
100 c. c. for a 4 gram charge was used. 


d- 1.20 sp. gr. Nitric Acid. 


20 c. c. for 1 gram charge was used. 

25 c. c. for a 1.63 gram charge was used. 
80 c. c. fora 2 gram charge was used. 

40 c. c. for a 3 gram charge was used. 
50 c. c. for a 3 gram charge was used. 
60 c. c. for a 3.26 gram charge was used. 
30 c. c, for a5 gram charge was used. 

50 c. c. for a 5 gram charge was used. 
60 c. c. for a 5 gram charge was used. 
7o c. c. for a 5 gram charge was used. 
75 c. c, fora 5 gram charge was used. 


e- 2 parts Nitric Acid and 15 parts Water. 


42 c. c. for a 2 gram charge was used. 


f- Dissolve in sufficient nitric acid 1.20 sp. gr. add 20 c. c. of water 
and 5 drops of hydro-fluoric acid. (The hydrofluoric acid is said to 
dissolve the silica without interfering in any way with the precipita- 
tion of the phosphorus. ) 

The time allowed for the solution of the above, varied from a 
minute or two to three-quarters of an hour. 

( The great variety in strengths and the amount of acid used is a 
very noticeable feature of the methods examined. As was mentioned 
under previous determinations, if the smallest amount of acid which could 
be safely and conveniently used was correctly determined, a great deal of 
time, not to say acids, would be saved. A large number used the more 
dilute acid. The 1.135 sp. gr. acid will completely dissolve the silica 
and is supposed to make the after procedure, especially the filtration, more 
expeditious than when the stronger acids are used. It apparently oxi- 
dizes the phosphorus just as successfully, The time allowed for the solu- 
tion of the samples varied from 2 minutes to three quarters of an hour; 
the latter is probably excessive except in special cases. There is, however 
a tendency in all short methods to shorten the time allowed for the solu- 
tion of the sample and many an error is laid to other causes which could 
be accounted for by the imperfect solution ). 
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SECOND STEP. 


Completing the oxidation and destroying carbonaceous matter. 


A—By EVAPORATION TO DRYNESS. 


1. Evaporation and baking. 


After the solution is complete evaporate to hard dryness. 


MODIFICATIONS. 


Evaporate to dryness and heat until all fumes escape. 

Evaporate to dryness and bake one-half hour over free flame. 

Evaporate to dryness and bake one-half hour at 200° C. 

Evaporate to dryness and bake one hour at 200° C. 

Evaporate to dryness and bake till residue curls up on side of 
dish. 

Evaporate to dryness and bake five minutes. 

Evaporate to dryness and heat porcelain container to redness. 

Evaporate to dryness, after adding 1 gr. of potassium chlorate. 
Bake one-half hour. 

Evaporate to dryness in porcelain dish, using inverted watch 
glass. Bake over free flame one hour. 

Evaporate to dryness and bake only in case of chilled irons. 


( Zhe above evaporation to dryness is necessary for the complete pre- 
cipitation of the phosphorus (except as shown under B.) Some state 
that this is to decompose the carbonaceous matter and that the latter pre- 
vents complete precipitation of the phosphorus. Others dispute’ this and 
State that the carbonaceous matter has little or nothing to do with the im- 
perfect precipitation, but that simply dissolving the iron in dilute nitric 
acid is not sufficient to oxidize the whole of the phosphorus to the ortho 
Jorm in which condition it must be, to be precipitated by ammonium 
molybdate. Still another states that if the solution is not evaporated and 
baked, a part of the phosphorus will remain as an insoluble iron phos- 
phide instead of being oxtdized to a phosphate. It is not definitely estab- 
lished how long or at how high a temperature it is necessary to bake the 
residue, The methods examined vary from simple evaporation to dryness 
to heating over a free flame for an hour, They agree without exception 
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that all white or chilled iron must be baked, and that wet oxidation (B) 
is not sufficient for complete precipitation in those irons. ) 


2. Solution ofthe oxidized residue. 


Dissolve the residue in 20 c. c. concentrated hydrochloric acid 
(1.63 gram charge. ) 


MODIFICATIONS. 


Dissolve in 15 c. c. hydrochloric acid (1.63 gram charge. ). 
Dissolve in 30 c. c. hydrochloric acid (3 gram charge.) 
Dissolve in 30 c. c. hydrochloric acid (3.26 gram charge. ) 
Dissolve in 30 c. c. hydrochloric acid (4 gram charge.) 
Dissolve in 15 c. c. H Cl. add 50 c. c. water (5 gram charge.) 
Dissolve in 35 c. c. hydrochloric acid (5 gram charge.) 
Dissolve in H Cl. add 8 to 10 drops hydrofluoric acid (4 gram 
charge.) 
Dissolve in a few c.c. hydrochloric acid add 35 c. c. nitric acid. 


Cc. 
c 


3. Re-evaporation and solution. 


NoTe.—This step is omitted by many who dilute the hydro- 
chloric acid solution and neutralize directly as in Third Step. 


Evaporate to dryness, take up in small amount of hydrochloric 
acid. Add nitric acid and‘boil till free from hydrochloric acid. 


MODIFICATIONS. 


Evaporate H Cl. solution to 4 c. c. and add § c. c. nitric acid. 

Evaporate hydrochloric acid solution to 15 c. c. 

Evaporate HCl. solution until it nearly sticks. Add 5 c.c. nitric. 

Evaporate H Cl. solution to first appearance of ferric chloride. 
Then add 3 to 4c. c. of nitric acid (1.63 gram charge.) 

Evaporate H Cl. solution to first appearance of ferric chloride. 
Then add 20 to 30 c. c. nitric acid (3.26 gram charge.) 

Evaporate H Cl. solution to first appearance of ferric chloride. 
Then add 5 to toc. c. nitric acid (§ gram charge.) 

Evaporate hydrochloric acid solution to 10 c,c. and add 20 c.c. 
nitric acid. 

Evaporate H Cl. solution until it becomes viscid. Add 5c. c, 
nitric. 
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Evaporate H Cl. solution nearly to dryness. Add 30. c. ni- 
tric acid. 

( There is a great difference in practice as shown in the above step. 
Some chemists claim that tf the molybdate of phosphorus is to be weighed 
direct the hydrochloric acid must be re-evaporated to dryness to prevent the 
precipitation of the silica. Others claim that the silica will not be precip- 
itated by the ammonium molybdate provided the solution is acid and there 
zs not an excess of the ammonium chloride present. This second evapo- 
ration to dryness will also greatly facilitate the filtering off of the silica. 
The difference in opinion in regard to the amount of hydrochloric acid 
which should be left in the solution ts shown by the difference in the 
amounts of hydrochloric acid left after the evaporation. tis now quite 
generally admitted that as long as the hydrochloric acid is finally neu- 
tralized by ammonia toammonium chloride it helps rather than hinders 
the final molybdate precipitation. When the neutralization with ammo- 
nia is omitted, the hydrochloric acid should be completely removed by evap- 
oration with nitric acid. ) 


4. Filter and wash the filter paper with dilute nitric acid al- 
lowing the filtrate to run into the receptacle in which the precipita- 
tion is to be made. : 


B—By OXIDATION IN THE WET Way. 


1. Filter off the graphite and silica. 
2. Boil off nitrous acid fumes. 
3. Oxidize the solution. 


a- Oxidize with potassium permanganate. Add concentrated po- 
tassium permanganate solution drop by drop until a permanent 
precipitate remains. Boil until all pink color disappears,’ which 
should take about 2 minutes. 

MODIFICATIONS. 


Add to c. c. potassium permanganate solution and boil, etc. 
Add tartaric acid a littie at a time until the solution clears. An 
excess should be avoided. 


MODIFICATIONS. 


Ferrous sulphate crystals, sugar, oxalic acid, ammonium oxy-. 
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late, sulphurous acid, sodium thiosulphate or acid ammonium sul- 
phate, may be used in place of the tartaric acid. One method added 
a little concentrated nitric acid to further clear up the solution after 
the addition of the tartaric acid. (The boiling is said to be essen- 
tial in order to completely remove the nitrous acid fumes and com- 
plete the oxidation.) 


b- Oxidize with chromic acid. _15 c. c. of chromic acid were used 
to oxidize the solution which was then boiled down to 1§ c. c. 


c- Oxidize with hydrochloric acid. 3% c.c. hydrochloric acid 
were added for each gram charge taken, and the solution boiled. 


( The potassium permanganate was much more frequently used. It 
is more effective and less liable to soil the phospho-molybdate precipitate 
than ts the chromic acid. This method is said to fail to completely oxidize 
in case of chilled iron analysis, although one writer claims that iron with 
3 per cent. combined carbon can be completely oxidized by sufficient boiling 
with potassium permanganate, Another states that 1 per cent. combined 
carbon is the limit for accuracy with this method, All are rather non- 
committal as to the action of the permanganate upon the carbonaceous 
matter. Blair says that it completes the oxidation of the phosphorus in 
the iron and possibly neutralizes the effec? of the carbonaceous matter. ) 


THIRD STEP. 
Precipitation with ammonia and resolution in nitric acid. 
Notre.—When all the hydrochloric acid was removed by evap- 


oration with nitric acid (Second Step A) this precipitation and re- 
solution was generally omitted. 


Precipitate all the iron in the solution with ammonia and then 
just dissolve the precipitate in nitric acid. 


MODIFICATIONS. 


Add 25 c. c. ammonia and 25 c. c. nitric acid which should 
leave the solution acid. 

Add 25 c, c. ammonia and 28 c. c. nitric acid. 

Add ammonia to a heavy precipitate and then nitric acid to a 
yellow color, 
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Add ammonia to a heavy precipitate and nitric acid to a dark 
amber color. 

Different amounts of ammonia were added which were calculat- 
ed from the charge and acid used to leave the solution acid without 
the further addition of nitric acid. 


( The composition of the solution at this point may vary considerably 
and still have the precipitation in the next step complete. The time which 
is to be allowed for the precipitation of the phospho-molybdate determines 
the acidity of the solution, Phosphorus may be precipitated from a very 
strong nitric acid solution, but the presence ef the large excess of free acid 
is said to delay this precipitation, For rapid work the solution must be 
distinélly acid with nitric acid but not too much so, as such a solution 
gives low results. Insufficient acid however tends to give a reddish tinge 
to the precipitate due to the presence of basic nitrate of iron. Free hydro- 
chloric acid must be avoided, Tt was formerly considered that all chlo- 
rides must be absent while now it is considered that with the exception of 
the hydrogen chloride, they aid: the precipitation. Ammonium nitrate is 
an important factor in rapid precipitation, ) 


FOURTH STEP. 


Precipitation with ammonium molybdate. 

Heat to 40° C. add 40 c. c. molybdate solution at 40° C and 
stir on machine 10 minutes (1 gram charge.) 

Heat to 40° C. add 50 c.c. molybdate solution at 40° C shake 
5 minutes (1.63 gram charge.) 

Heat to 80° C. add 65 c. c. warm molybdate solution shake 5 
minutes (2 gram charge.) 

Heat to 85° C. add 45 c. c. molybdate solution at same tem- 
perature shake 5 minutes with a circular motion (2 gram charge. ) 

Heat to go° C. add 65 c. c. molybdate solution and shake (2.6 
gram charge.) 

Heat to 75° C. add 4oc. c. molybdate solution shake a few 
seconds (4 grams Bessemer for charge. ) 

Heat to 75 ° C. add 75 c. c. molybdate solution shake 5 min- 
utes (5 gram charge.) 

Heat to 80° C. add 50 c. c. molydate solution shake 5 minutes 
(5 gram charge.) 
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Heat to 85 to 90° C. add 100 c. c. molybdate solution, shake 
10 minutes. 

The solutions were allowed to stand from barely time enough 
to settle to one-half hour in the short methods. The longer meth- 
ods allow from 4 hours to over night for the precipitation of the 
phospho-molybdate. 


( The apparent variation in the amounts of the molybdate solution 
used, per gram charge, is partially explained by the differences in the 
strength of the molybdate solutions, This by no means explains all of the 
variations, as many chemists using exa€lly the same solution differ greatly 
in the amount used. One writer states that the amount of molybdate 
should be 500 times the weight of the phosphorus in rapid precipitation, 
The temperature at which the precipitate can be made varies. Some keep- 
ing it below 40° to prevent the precipitation of arsenic should it .be present 
while others aim to have the solution as hot as possible and not precipitate 
the molybdic acid and count any arsenic that may be precipltated as 
phosphorus. ) 


FIFTH STEP. 


Filtering the precipitated phospho- molybdate. 

Filter on a tared filter (for direct weighing of the precipitate. ) 

Filter on a weighed Gooch crucible (for direct weighing of the 
precipitate. ) 

Filter on ag c. m, filter. 

Filter on a double filter. 


SIXTH STEP. 


Washing the precipitated phospho-moly bdate. 
Wash with 1 per cent. nitric acid solution. 


MODIFICATIONS. 


Wash with 2 per cent. nitric acid solution. 

Wash with a dilute solution of ammonium sulphate. 

Wash with 3 per cent. nitric acid and then with alcohol. 

Wash with 1 per cent. nitric acid, then with .o1 per cent. po- 
tassium nitrate. 
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Wash with 1 per cent. nitric acid, then with .1 per cent. po- 
tassium nitrate. 

Wash with 1 per cent. nitric acid, with alcohol and ether. 

Wash with 2 per cent. nitric acid and sodium nitrate solution 
till free from nitric acid. 

Wash with 5 per cent. molybdate solution. 

Wash with pure water. 


SEVENTH STEP. 


Determining the amount of the phospho-molybdate precipitate. 
A—By direct weighing of the precipitate. 


Dry the precipitate which has been filtered on a tared filter at 
100° C. to constant weight. Weigh between watch glasses. 


MODIFICATIONS. 


Dry the precipitate on a weighed Gooch crucibie at 100° C. to 
constant weight. 

Dry the precipitate at 110°, at 120°, at from 95° to 100°, to 
constant weight. 

The precipitate which has been washed with alcohol and ether 
can be dried in three minutes at 110° C. if funnel is connected with 
an exhaust. 


( The direc? weighing of the precipitate, while it is open to the criti- 
cism that the precipitate is hydroscopic and that it sometimes varies in 
composition, gives very uniform results and for pig iron with medium and 
large percentages of phosphorus, is extremely accurate. The slight varia- 
tion in weight, due to the hydroscopic nature of the phospho-molybdate, is 
insignificant when it is remembered that this precipitate is 63 times as 
heavy as its phosphorus content. The a€tual labor when a Gooch cruci- 
ble is used is less than when the phosphorus is determined volumetrically 
and if a drying oven with exhaust is used the operation is no longer. ) 


B—By weighing the phosphorus as ammonium magnesium 
phosphate, 


Some chemists still adhere to this method of weighing the 
phosphorus, and while it can hardly be called a short method, yet 
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judging from the methods received, it isin common use in many 
iron laboratories. 


1. Dissolve the phospho-molybdate precipitate in dilute am- 
monia. 


2. Make thesolution slightly acid with hydrochloric acid. 
MODIFICATIONS. 


Add a drop of bromine after making solution acid. 
‘3. Make ammoniacal. Heat to boiling and filter if necessary. 


MODIFICATIONS. 
Add a drop of citric acid solution after filtering. 


4. Cool and add toc. c. magnesia mixture and 10 ©. c. of 
ammonia. 


MODIFICATIONS. 
Add to c. c. magnesia mixture and 5 c. c. of ammonia. 


Add 10 c. c. magnesia mixture and 3% c. c. of ammonia. 


5. Allow to stand in a cool place 1 hour. 
MODIFICATIONS. 
Different methods gave from 1 to 6 hours for this precipitation. 


6. Filter and wash with 10 per cent ammonia solution. 


MODIFICATIONS, 


Use 5 per cent. ammonia, 1 to 3 ammonia, and dilute ammonia 
containing ammonium nitrate, for washing. 


7. Burn wet and ignite at low heat over blast lamp. 
MODIFICATIONS. 
Ignite first at low heat over Bunsen lamp, then at highest heat 


of blast lamp. 


8. Dissolve the precipitate in the crucible in nitric or hydro- 
chloric acid, filter and wash residue, burn and weigh and the differ- 
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ence gives the weight of the magnesium pyrophosphate. 

NotE—Brearley & Ibbotson in their recent book give a meth- 
od which they say can be completed in one-half hour and yet give 
a definite and easily manipulated compound for the final weighing, 
which can be ignited speedily without decomposition. The method 
is based on the following fa¢ts: Toa solution containing molyb- 
denum and phosphorus sufficient hydrochloric acid is added to pre- 
vent a precipitate when enough lead acetate is added to combine 
with the molybdic and phosphoric oxides. This mixture is added 
to another containing ammonium chloride and enough ammonium 
acetate to decompose the free hydrochloric acid, when a lead mo- 
lybdate is precipitated and an acid lead phosphate held in_ solution. 
A factor deducted from the relation between the ammonium phos- 
pho- molybdane and the lead molybdate makes the calculation easy. 
The weighed lead molydate is over 140 times as_ heavy 
as the phosphorus being estimated, which makes the meth- 
od very accurate. The details are as follows: 

Proceed the same as the regular permanganate method up to the 
precipitation of the phospho-molybdate, dissolve the latter in a few 
drops of ammonia and filter. To the filtrate add 10 to 12 c. c. hy- 
drochloric acid and ro c. c. of lead acetate solution (40 grams to 
litre) and heat. Heat a mixture of 50 c. c. of ammonium chloride 
(200 grams per litre) and 50 c. c. strong ammonium acetate. Pour 
the former into the latter which is contained in a flask. Shake, 
filter, wash with hot water, ignite and weigh the lead molybdate. 
This weight multiplied by .007 gives the weight of the phosphorus 
in the iron, 


( This method ts described with the thought that tt might be of bene- 
Jit to those who do not consider either the direct weighing or the titrating 
of the phospho-molybdate to be sufficiently accurate. Tt is certainly much 
shorter than the ammonium magnesium phosphate precipitation.) 


C—By titrating the molybdic acid in the phospho-molybdate 
precipitate. 


1, Permanganate titration. 


a— Solution of the phospho-molybdate precipitate. 
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Dissolve the phospho-molybdate precipitate on the filter in di- 
lute ammonia water and allow it torun into a beaker, washing the 
filter with dilute ammonia. 


b- Reduction. 


Add to c. c. of strong sulphuric acid to the solution to be re- 
duced, This heats the solution sufficiently by chemical action. 
Pass through a reducter which has been properly cleaned using the 
usual precautions to prevent oxidation, etc. This reduction takes 
about 4 minutes and the solution should be of a_ bright green color 
when finished, ; 


MODIFICATIONS. 


To the ammoniacal solution of the phospho. molybdate prdcipi- 
tate which is contained ina flask, add 5 grams of. pulverized zinc 
and 15 c.c. of strong sulphuric acid. Close the flask with a stop- 
per containing a bent tube which dips into a beaker containing a 
saturated solution ot sodium bicarbonate. The flask should now 
stand one-half hour when all action should have ceased and the so- 
lution should be ready to filter and titrate. The solution should be . 
ofa green color and of a temperature of about 40° C. 


c— Titration, 


To the warm solution add standard permanganate solution drop 
by drop, shaking vigorously until a permanent pink color appears. 
A blank should be performed with the exact amount of reagents 
used, and the amount of permanganate used in titrating the blank be 
subtracted from the regular burette reading. This is generally 
higher with the flask reduction than when the reductor is used. 


d— Calculation. 


It has been found that the reduction with zinc in the flask is 
practically complete to molybdic acid, and hence the factor .88163 
should be used. When the reductor is used the factor .85714 is 
used to allow for incomplete reduction. 








164 


(This permanganate method is the one proposed for steel analysis by 
the sub-committee on methods of the International Steel Standards Com- 
mittee of the United States. This Committee did not recommend it for 
cast iron but it has been quite generally adopted in its minutest details for 


the analysis of pig and cast tron.) 
2. Alkali Titration. 


a- Wash the phospho-molybdate precipitate with one per cent. 
nitric acid and then with .1 per cent. potassium nitrate solution 
until free from nitric acid. 


b- Solution of the molybdate precipitate. 


Place filter and precipitate in the flask in which the molybdate 
precipitation wasmade. Adda standard solution of sodium hy- 
droxide from burette or pipette until the precipitate is all dissolved, 
shaking constantly. 


c- Titration of the excess of sodium hydroxide. 


Dilute the solution to about 50 c. c. and add 3 drops of phen- 
olphthalein solution and then add standard nitric acid solution drop 
by drop until the pink color disappears. The amount of standard 
sodium hydrate used up in the neutralizing of the molybdic acid 
shows the amount of phospho-molybdate precipitate. The solutions 
are made by Mr. Handy, the originator of the method so that 1 c.c. 
of the sodium hydrate solution equals .o1 per cent. of phosphorus 
in a sample when a 2 gram charge is used. 


( This method ts extremely rapid and ts in common use ty many tron 
laboratories. The details of the author are so closely followed that little 
or no comment can be made on the process.) 


AMMONIUM MOLYBDATE SOLUTIONS. 


The molybdate solutions used vary greatly in strength and in 
the proportion of acid to alkali. A representative number are 
given in the following table. 
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ec. c. ¢e.c. c. c. 

Molybdic acid Nitric acid Ammonia Water Microcosmic salt 
100 gr. 1000 (2 to 3) 80 400 50 er. 
oo. * 1250 (1.20) 450 = - 

Ioo ‘ Eg00.  ** 100 200 ~ 
Ioo “ 600 400 500 - 
Ioo ‘' 600 400 600 - 
100 * 395 155 1365 
Ioo ‘* 155 500 1330 - 
>. * 1667 (1.20) 267 ~ 7 
200 ‘* 2500 ‘* 500 - - 
200 ** 2500 500 500 - 
eas | 2500 “ 400 . 600 - 
= * 2300 700 6000 (Woods .88 mixture) 
500 ‘ 2300 700 6000 


The first solution is the one recommended by the International 
Steel Standards Committee of the United States (sub committee) 
for the permanganate method. ; 








XUM 











YUM 


Journal of the American Foundrymen's Association. 


Vor, XI. MAY, 1903. ParT II. 


PROCEEDINGS OF THE METALLURGICAL SECTION. 


HERBERT E. FIELD, SECRETARY, 


STANDARD METHODS FOR ANALYSING IRON. 


MANGANESE. 


There are a greater variety of methods in common use for the 
estimation of manganese than for any other of the iron determina- 
tions. The principles upon which these methods are based are so 
different that no outline can cover all, and each method will be 
taken up separately. They may be divided into three distinét 
classes, the gravimetric, the volumetric and the color methods. 

The gravimetric methods are the ones relied upon in all cases 
of dispute. There is probably no set of methods in which the per- 
sonal equasion of the operator plays so important a part as in these 
manganese determinations. Any of the four or five different meth- 
ods may produce good results in the hands of a chemist who has 
had a large experience with them, while in the hands of another, 
inexperienced with that special method, it becomes almost useless. 
Some of the short methods may, to one experienced in handling 
them, be more accurate than the so-called long methods with which 
he may not be familiar, 

The acetate separation of iron and manganese is_ considered to 
be the most accurate method when carried out by one familiar with 
it. It is the most generally used in cases of dispute, but judging 
from the methods examined, it has but little application in general 
work. Ford's method is more generally used than any of the other 
gravimetric determinations and with careful attention to details is 
very accurate. 
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Acetate Method. 


If one may judge from the statement of prominent authorities 
on iron analysis. a standardizing committee would have a great deal 
of difficulty in reconciling the differences of opinion in regard to 
this method. The acetate method as given in prominent American 
books is styled by a noted English chemist as ‘‘A series of chemi- 
cal gymnastics,’ and he further states that an acetate precipitation 
in a 3 gram sample may be made in four hours. The method re- 
ferred to attempts to avoid every possible error. If these errors are 
more imaginary than real and if the statement that four hours is suf- 
ficient to perform what now takes from 1o hours upward, it would 
appear that there was good field for standardizing work. 


OUTLINE. 


FIRST STEP. 


Solution of the sample. 


Dissolve 1 gram of the drillings in 15 c. c. nitric acid 1.20 sp. 
gr. Evaporate to dryness and bake. Re-dissolve in hydrochloric 
acid, evaporate to a syrup, dilute with water and filter. 


MODIFICATIONS. 


Dissolve 2.4 grams in a beaker with 450 c. c. graduate mark, 
in 50 c. c. fuming hydrochloric acid. Boil until all dissolves, add 
3 c. c. of concentrated nitric acid, and make up to the 450 c.c. mark 
with hot water. 

Dissolve 5 grams in sufficient hydrochloric acid, oxidize with a 
few ¢. c. nitric acid, and ditute with water. 


( The variation in the method of solution is due to a difference of 
opinion as to whether a small amount of nitric acid will cause the man- 
ganese oxide to be precipitated with the iron in the following step. The 
solution in hydrochloric acid ts said to exclude from the solution the car- 
bonaceous matter which has a tendency, when dissolved in nitric acid, to 
prevent the precipitation of some of the iron. The difference in time be- 
tween the method and the modification is quite marked. ) 
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SECOND STEP. 
Neutralizing the solution. 


Add sodium carbonate until a very slight precipitate remains 
and dissolve this in as few drops of hydrochloric acid as possible. 


MODIFICATIONS. 

Add ammonia water, a little at a time, until a very slight pre- 
cipitate or turbidity remains. 

Neutralize as far as possible with ammonia without forming a 
permanent precipitate. 


THIRD STEP. 
Separating the iron from the manganese. 


Add 2 grams of sodium acetate in water, dilute to, 700 c. c. 
with boiling water, boil ro minutes, filter and wash by decantation, 
re-dissolve precipitate on the filter in 10 c. c. hydrochloric acid,and 
re-precipitate. Repeat this re-solution and _ re-precipitation and 
collect three filtrates. 


MODIFICATIONS. 


Heat to boiling and precipitate with ammonium acetate solu- 
tion. Make up to the mark in a litre flask and filter off 500 c. c. 
into another graduated flask. 

Add 50 c, c. of cold ammonium acetate solution with constant 
stirring (2.4 gr. charge). Heat to boiling and boil 2 minutes with 
constant stirring. Pour all into a flask graduated at 605 c. c. Mix 
well and note temperature with thermometer. Filter to a 500 c. c. 
graduated flask, heat to the same temperature as when in the 605 
c.c. flask and make up to the mark. (The extra5c. c. is fora 
correction for the volume of the precipitate itself and for the slight 
evaporation of the solution between the measurings.) 


( The great difference in the time between the original method and 
the modification will be noted. The former makes three precipitations 
and washing of a very bulky precipitate, while the modifications do neith- 
er. The disagreement on the question as to whether manganese is pre- 
cipitated with the iron in the acetate precipitation is the cause for this dif- 
ference in procedure, One states that the re-solution and precipitation is a 
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waste of time unless enough acetate has been added to precipitate many 
times the amount of iron present. A series of determinations taken from 
‘‘Arnola’s Steel Works Analysis’ give the following results from a_ sin- 
gle and double precipitation : 




















Single precipitation .684 .745 .710 .634 .644 ~~ 1.364 
Double precipitation .684 763.710 «©.634~—s «655 _~—si1..357 
Difference .000 .OI9  .000 .000_ .OII .007 


It will be noted that the method given as the original used the sodi- 
um salt for the precipitation while the modifications used the ammonium 
salt, It was formerly believed that the presence of ammonium salts pre- 
vented the precipitation of the manganese by bromine, This is now known 
to be untrue and the ammonium salts are said to possess advantages over 
the sodium salts, especially if the manganese is to be weighed adtrectly as 
manganese dioxide, in which case itis very difficult to wash the precipi- 
tate free from fixed alkali. ) 


FOURTH STEP. 


Evaporation, and precipitation of copper, cobalt and nickel (if 
present). 


Evaporate the filtrates to 300 c.c. Add 10 grams sodium 
acetote and a few drops of acetic acid and pass hydrogen sulphide 
gas through the boiling solution for ro minutes, Filter off the pre- 
cipitate and boil the Hydrogen Sulphide from the filtrate. 


MODIFICATIONS. 


Boil the filtrate briskly down to 250 c. c. in order to precipi- 
tate any iron which may have remained in solution with the manga- 
nese, . 

(Some state that it is more difficult to insure complete precipitation of 
the iron than it is to prevent the precipitation of the manganese with the 
iron, The boiling down to 250 ¢. ¢. is said to throw out any such iron. 
The precipitatian with hydrogen sulphide is very generally omitted in pig 
and cast iron analysis. ) 


FIFTH STEP. 
Precipitating the manganese. 


Add bromine water in excess and until the solution is fully col- 
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ored by it. Allow to stand from 1 to2 hours. Boil off the excess 
of bromine, filter off the precipitate and wash. Dissolve the precip- 
itate on the filter in sulphurous acid water containing a little hydro- 
chloric acid. Boil off the sulphurous acid and precipitate the man- 
ganese with microcosmic salt, adding ammonia water slowly with 
constant stirring until no further precipitation occurs and the precip- 
itate is all crystalized. Filter, wash with ammoniacal solution of 
ammonium nitrate, ignite and weigh as manganese pyrophosphate. 


MODIFICATIONS. 


Add 4 c. c. pure bromine, then 30 c. c. ammonia, and heat un- 
til the liquid is clear. Filter, wash with hot water, ignite strongly 
in a muffle in platinum crucible for 15 minutes without lid and 
weigh as manganese oxide. : 

Add a few c. c. of bromine and just enough ammonia to give 
a distinét odor to the solution, but no more. 

Use 1 per cent. hydrochloric acid or very dilute nitric acid for 
washing the manganese oxide. ; 

In case of great accuracy, the manganese oxide precipitate 
should be tested for iron. 

( The weighing of the manganese oxide is said to give rise to error 
due to the difference in composition of that precipitate after ignition, This 
is especially true when ignited in a free flame in platinum crucible, The 
reducing gases of the flame preventing complete oxidation. The use of a 
muffie for burning the precipitate is said to overcome this and to render 
the composition of the oxide very exat?. The use of the pyrophosphate 
weighing arose from the belief that the composition of the manganese oxide 
qwas not constant, ) 


Chlorate Method. 


(Including Ford’s and Williams’ and a combination of the two.) 

This method is more used than any other gravimetric method 
in iron laboratories in the United States. Its advantage over the 
acetate method consists in the large samples which may be handled 
and the time saved. The only error inherent in the method is due 
to the variation in composition of the manganese dioxide precipi- 
tate. This error has been overcome by weighing the manganese 
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as a pyrophosphate, or by dissolving the manganese dioxide pre- 
cipitate and titrating. 


OUTLINE. 
FIRST STEP. 


Solution of the sample. 


Dissolve 5 grams of the sample in 60 c. c. nitric acid, I.20 sp. 
5 P 
gr. and evaporate until the solution is almost syrupy. 


MODIFICATIONS. 


Dissolve 5 grams of the sample in 150 c. c. nitric acid, 1.20 
sp. gr. and evaporate to 100 c. c. Add 50 c. c. concentrated ni- 
tric acid and evaporate to 100 c. c. 

Dissolve 2 to 5 grams in the least possible amount of nitric acid 
I.20 sp. gr. and evaporate to the separation of the ferric nitrate. 

Dissolve 3 to 5 grams in 50 c.c. nitric acid 1.20, evaporate 
and bake 5 minutes. Dissolve in hydrochloric acid and evaporate 
off the hydrochloric acid with concentrated nitric acid. 

Dissolve 5 grams in 60 ¢. c. nitric acid 1.20 sp. gr. evaporate 
to hard dryness, take up in hydrochloric acid, evaporate to viscid 
solution, add 5 c. c. nitric acid, dilute, filter, add 40 c. c. concen- 
trated nitric acid, evaporate to pasty condition, add 4oc. c. con- 
centrated nitric acid, and again evaporate to pasty condition. 

Dissolve 3 grams in 50 c. c. nitricacid, 1.20 sp. gr. 

Dissolve 114 gr. in 75 c.c. nitricacid 1.20 sp.gr. and add a few 
drops of hydrofluoric acid. 

Dissolve the sample in hydrochloric acid, evaporate to dryness 
add 75 c. c. nitric acid and evaporate off all hydrochloric acid. 

Dissolve 1 gram in 20 c. c. hydrochloric acid. | Evaporate to 
dryness, take up in hydrochloric acid, evaporate nearly to dryness, 
add 60 c. c. concentrated nitric acid and evaporate to a syrup. 

Dissolve 5 grams in 60 c. c. nitric acid, add a few drops of hy- 
drofluoric acid and evaporate to a syrup. 


( The variation in this step is due to an attempt to obtain the silica in 


a condition suitable for easy filtration. The addition of a few drops of 


hydrofluoric acid to the nitric acid solution before evaporation is said to 
accomplish this without harm to the rest of the determination. Tf this 
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could be proved true, the process would be shortened for many chemists 
who take the time to go through several evaporations, The destroying of 
the carbonaceous matter is dwelt on by a few but the majority do not con- 
sider it necessary. 


SECOND STEP. 
Precipitation with potassium chlorate. 


Add 50 c. c. concentrated nitric acid and 5 grams of potassium 
chlorate. Boil 15 minutes, again add 50 c. c. nitric acid and 5 
grams of potassium chlorate and boil 15 minutes and cool in water. 


MODIFICATIONS. 
Add 75 c. c. concentrated nitric acid, boil, add an excess of 
potassium chlorate a little at a time, and boil a few minutes after the 


fumes are all gone. 
Add 100 c. c. concentrated nitric acid and boil. Add 5 grams 


of potassium chlorate and boil 10 minutes. 

(X) Add 3 grams potassium chlorate (1.5 gr. charge in 75 c. 
c. nitric acid and 5 drops of H F) boil, add 1 gram potassium chlo- 
rate and boil. 

( The composition of this precipitate is not sufficiently constant to al- 
low a direi? filtering and weighing. It is contaminated with basic iron 
and potash salts, ) 


THIRD STEP. 

Filtration of the manganese oxide. 

Filter rapidly on a pulp or asbestos filter with su@tion. Wash 
two or three times with concentrated nitric acid, then with cold wa- 
ter and suck dry. 

(X)_ In the modification marked (X) second step the filtration 


was omitted and the precipitate oxidized and titrated in solution. 
(See (X) B fourth step. 


FOURTH STEP. 


Estimation of the manganese oxide. 


The method may be carried on from here as a gravimetric or a 
volumetric process. 
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A—GrRAVIMETRIC. Estimation of the manganese dioxide. 


a- Solution of the manganese dioxide precipitate. Transfer the 
washed precipitate and filter toa beaker and add Io to goc. c. 
strong sulphurous acid water, washing out the funnel with the same. 
Filter off the asbestos and boil off the sulphurous acid fumes. 


MODIFICATIONS. 


Dissolve the precipitate in concentrated hydrochloric acid, 
rinsing out the funnel with the same, filter off the asbestos, washing 
the filter with water. 


b- Precipitation of the iron, 


Add bromine water until the solution is strongly colored by it. 
Boil off the excess of bromine and add ammonia until the solution 
smells strongly of it. Boil and filter and wash the precipitate with 
water. Dissolve the precipitate in hydrochloric acid (1 to 3) and 
re-precipitate with ammonia. Repeat the precipitation etc., and 
allow the three filtrates to run into one beaker. 


MODIFICATIONS. 


Precipitate the iron with ammonium acetate as in Acetate 
Method, repeating the solution in hydrochloric acid and precipita- 
tion with ammonia once. 

Precipitate the iron with ammonia, making it just alkaline, 
then faintly acid with acetic acid and boil. (One precipitation being 
sufficient. ) 


( The same disagreement exists here as was mentioned in the Acetate 
Method. Some claim that the small amount of iron contained in the 
precipitate thrown down by the chlorate could not carry down an appreci- 
able amount of manganese, while others insist on carrying out the three 
separations. ) 


c— Precipitating the manganese. 


Precipitate with microcosmic salt and weigh as manganese py- 
rophosphate as given under Acetate Method, fifth step. 
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MODIFICATIONS, 


Precipitate the manganese as oxide with bromine, filter, ignite 
and weigh as given under Acetate Method, fifth step Modification. 


B—Vo.tumEtRic. Estimation of the manganese dioxide. 


Dissolve the manganese dioxide precipitate obtained in third 
step in 100 c. c. standard ferrous sulphate solution and titrate the 
excess of ferrous sulphate with potassium permanganate. 


MODIFICATIONS. 


Titrate the excess with standard potassium bichromate solution. 

Dissolve the precipitate in hydrogen peroxide solution and ti- 
trate with potassium permanganate. 

Dissolve the precipitate in sufficient amount of a mixture of 50 
c. c. hydrogen peroxide, 50 c. c. sulphuric acid and 1000 c.c. of 
water and titrate with potassium permanganate. 

(X) Add to the solution (see third step, Modification X) suf- 
ficient hydrogen peroxide solution from a pipette to dissolve the 
manganese dioxide and titrate the excess with potassium perman- 
ganate. | 

This last modification is a part of a method which shows the 
great difference in time allotted to this determination by different 
chemists. The following is quoted in order to give an example of 
how much this process has been modified. “1% gr. of drillings 
are weighed into a No. 3 beaker. 75 c.c. nitric acid and 5 or 6 
drops of hydrofluoric acid added, heated to boiling on the hot plate 
and when all is in solution, add about 3 grams potassium chlorate, 
boil 5 minutes, and add about 1 gram potassium chlorate, boil to 
expel fumes from the chlorate. Cool in cold water, fill the beaker 
34 full of water, add enough hydrogen peroxide solution from a 
pipette to dissolve the oxide of manganese, and titrate the excess 
with standard permanganate solution.’’ This is without exception 
the shortest Ford’s method examined. 


Volhard’s Method 


This method is in very common use and is considered accurate 
by a great many chemists. | The method may be modified into an 
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extremely rapid method for irons low in combined carbon. Irons 
high in combined carbon must have their carbonaceous matter de- 
stroyed which lengthens the method considerably. 


OUTLINE 


FIRST STEP. 


Solution of sample and destroying carbonaceous matter. 


Dissolve 1.5 grams of sample in 25 c.c. nitric acid, 1.20 sp. 
gr. and when the solution is complete add 12 c. c. sulphuric acid 
(1 to 1) evaporate to fumes and dissolve in water. 


MODIFICATIONS. 

Dissolve 1.5 grams in 25 c. c. nitric acid 1.20 sp. gr.. evapo- 
rate to dryness and bake, dissolve in 15 c. c hydrochloric acid,add 
12 c. c. sulphuric acid, evaporate to fumes and dissolve in water. 

Dissolve 2 grams in 40 c. c. nitric acid 1.20 and boil off nitro- 
gen dioxide fumes. 

Dissolve 1 gram in 25 c. c. nitric acid 1.20 sp. gr. and evapo- 
rate to IOC.C. 

Dissolve I gram in 40 c. c. nitric acid, evaporate nearly to 
dryness and take up with water. 

Dissolve 2 grams in 60 c. c. nitric acid 1.13 sp. gr. and evap- 
orate just to separation of ferric nitrate. 

Dissolve 1 gram in silicon mixture and evaporate 2 minutes 
after sulphurous acid fumes begin to come off. 

Dissolve 2 grams in 40 c. c. nitric acid 1.20 sp, gr. for soft 
iron; in nitric acid and sulphuric and evaporate to fumes for hard 
iron; in nitric acid, evaporate, bake, dissolve in hydrochloric, add 
sulphuric and evaporate to fumes for chilled iron. 

( The chief points to be noted in the solution of the sample is to have 
the carbohaceous matter destroyed in high combined carbon iron,and when 
this is not necessary, to make sure that the nitrogen dioxide fumes are ex- 
pelled by boiling. Some consider that sulphuric acid gives a more mark- 
ed end point in titrating and so invariably use it even when there is no 
necessity for evaporation to destroy the carbonaceous matter, 
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SECOND STEP. 
Precipitation of the iron, 


Transfer the solution of iron into a 300 c. c. graduate flask. 
Nearly neutralize the solution with sodium carbonate and then add 
zinc oxide suspended in water with shaking until the solution coag- 
ulates. 


MODIFICATIONS. 


Transfer the solution to a 500 c. c. graduated flask, add a 
weighed amount of zinc oxide in water until the solution just coag- 
ulates, dilute the solution to about 400 c. c., shake, and then add 
the remainder of the zinc oxide. 

Transfer the solution to a 500 c. c. graduated flask .and add 
zinc oxide to slight excess, 

Transfer the solution to a litre flask, dilute to 500 c. c., add 
zine oxide until all the iron is precipitated. 

To the sulphate solution contained in the beaker or dish in 
which the solution was made, add dry zinc oxide until all the iron 
is precipitated, add one-half gram in excess. 


(It is claimed by some that zinc oxide in large excess is liable to take 
down manganese. This may be overcome by just neutralizing with the 
since oxide. Then dilute to large volume, and add the excess of zinc 
oxide, The addition of a fixed amount af zinc oxide ts to be recommend- 
ed when a part of the whole volume is taken for titration, The same 
amount of zinc oxide is used in a determination on a sample of iron whose 
manganese has been determined gravimetrically. This throws out the 
error due to the fai? that when only a part is taken for titration, all the 
zinc oxide and iron precipitate are left in the portion not taken. This 
makes the portion titrated proportionally higher in manganese, When 
the whole is titrated, as in the last modification, this does not apply. ) 


THIRD STEP. 


Preparation for titration. 


Make the solution in the 300 c.c. graduated flask up to the 
mark, mix thoroughly, allow to settle, and filter off exactly 200 c. 
c. of the clear portion. 








178 


MODIFICATIONS. 


Make the solution in a 500 c. c. flask up to the mark, and 
take from 50 to 300 c. c., according to the per cent. of the manga- 
nese suspected in the sample. 

Make the solution in a 500 c. c. flask up to the mark, draw oft 
250 c. c. and boil 5 minutes. 

Make the solution in a litre flask up to the mark and take 500 
c. c. for titration. 

(In an unknown sample, it is well to draw off 50 ¢. ¢. of the solu- 
tion and make a rapid titration in order to get an idea of how much of 
the solution it is best to take and thus facilitate the addition of potassium 
permanganate, A rapid titration is always the most satisfactory, ) 


FOURTH STEP. 


Titration. 

Heat the solution to boiling, add 2 drops nitric acid 1.20 sp. 
gr., then add standard permanganate solution untilall the mangan- 
ese is precipitated and a permanent pink colorremains. The solu- 
tion should be kept hot during titration. 


MODIFICATIONS. 


The addition of the nitric acid is very generally omitted, 
STANDARDIZING THE PERMANGANATE SOLUTION. 


1. Standardize against standard ferrous sulphate solution. 


When the solution is standardized in this manner a blank de- 
termination should be performed and the amount taken to produce 
a pink color be subtracted from the burette reading. 


( This method is inaccurate when a part of the solution is taken for 
the titration on account of the error due to the zine oxide and the iron be- 
ing left in the part not titrated.) 


2. Standardize against a gravimetric standardized sample of 
iron. This is the more accurate especially in determinations where 
a part of the whole solution is taken for titration. Ifan exact 
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amount of zinc oxide is used in the standardizing and in the deter- 
mination, the method is very accurate. When the whole amount 
of the precipitate and zinc oxide is included in the amount titrated, 
the method of standardizing does not make as much difference. 


Deshay’s Method 


This method is quite extensively used for steel analysis, but its 
application to cast iron is limited. _ Some chemists, however, still 
adhere to it. It is more accurate for low manganese samples than 
for high manganese. The accuracy decreases as the per cent. of 
the manganese in the solution increases. It is inapplicable to iron 
containing cromium when ferrous sulphate is used for titration. In 
such irons ammonium oxalate is said to give satisfactory results. 
The chief advantage of the method consists in the fact that a large 
number of determinations may be carried on simultaneously. 


OUTLINE 
FIRST STEP. 
Solution of the sample. 


Dissolve 0.5 gram of drillings in 30 c. c. nitric acid 1.20 sp. 
gr. Boil until solution is complete and nitrogen dioxide all expelled. 
MODIFICATIONS. 

Dissolve 0.2 gram in 50 ¢. c. nitric acid 1.20, and_ boil off ni- 
trogen dioxide. 

Dissolve 0.05 to 0.1 gram, according to the per cent. of man- 
ganese, in nitric acid J.20 sp. gr. 


SECOND STEP. 
Oxidation of the manganese. 


Add 1 to 3 grams of red lead and dilute to 60 c. c. with hot 
water. Heat to boiling. 
MODIFICATIONS. 

Add red lead until pink color becomes cloudy, boil 1 minute. 

Addo.5 gram red lead, boil 4 minutes, transfer to a wide 
mouthed 4-oz. bottle, and place in centrifugal machine and rotate 
2 minutes. At the end of that time the lead oxide will be compact 
in the bottom of the bottle. 






























THIRD STEP. 

Preparation for titration. 

Allow the solution to settle and decant off the liquid through 
an asbestos filter. Boil residue with 50 c. c. nitric acid (1 to 3), 
decant, and repeat operation until decantations are colorless. 
MODIFICATIONS. 

Filter the solution immediately through asbestos filter. 

When the centrifugal machine is used, the liquid is simply 
poured off and is ready for titration. 

(The chief variation in this step ts the method used in washing the 
residue free from permanganate. Some constder that tf the standard ts 
treated the same as the determination a complete washing of the residue ts 


unnecessary. Others state that the method ts tnaccurate unless the per- 


manganate ts completely washed out of the lead oxide residue. 
FOURTH STEP. 
Titrating the solution. 


Titrate with sodium arsenite solution until the pink color just 
disappears. 
MODIFICATIONS. 

Titrate with standard ferrous sulphate solution, or add excess 
of standard ferrous sulphate, and titrate back with standard potas- 
sium permanganate solution. 


Color Method 


( This method has, like the previous one, been more used for steel 
than for cast iron. Judging from the methods examined, a considerable 
number now use it for iron, The red lead oxidation has been superceded 
by the persulphate and silver nitrate oxidization in many laboratories. 


The method ts more accurate for low manganese irons, 


OUTLINE. 
FIRST STEP. 
Solution of the sample. 
Dissolve 0.2 gram in an 8 in. test tube in 15 c. c. nitric acid 
1.20 sp. gr. Place in a bath and heat at roo’ c. until the solution 
is complete. 
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MODIFICATIONS. 


Dissolve 0.2 gram in 20 c. c. nitric acid 1.20 and boil 5 min- 
utes. 

Dissolve 0.2 gram in 30 c. c. nitric acid 1.20 sp. gr. boil until 
fumes are all gone. 

Dissolve 0.2 gram in 50 ¢. c. nitric acid 1,10 sp. gr. 

Dissolve 0.1 gram in 30c. c. nitric acid 1.13 sp. gr. heat at 
120 deg. in calcium chloride bath. 

Dissolve 0.1 gram in 35 c. c. 32 per cent. nitric acid and _ boil 
until fumes are all gone. 

Dissolve 0.1 gram in 10 c. c. nitric acid 1.20 sp. gr. heat at 
140° c. to the expulsion of nitrogen dioxide fumes. 

Dissolve 0.5 gram in 40 c. c. nitric acid 1.20 sp. gr. 

( The variation in the amount and strength of acid and in the tem- 
perature of heating are the chief differences observed. A standard ts al- 
most invariably carried along with the determination, ) 


SECOND STEP. 


Taking a fractional part for oxidation. 


Transfer the dissolved sample into a graduated tube and make 
up to 100 c. c. and mix thoroughly. Draw out exactly toc. c. for , 
the determination. Run into a test tube and add 3 c. c. nitric acid 
1.20 sp. gr. 
MODIFICATIONS. 

Draw off 25 c. c. and add 6 c. c. nitric acid 1.20, 

Transfer to a 50 c. c. graduated tube, make up to the mark, 
draw off 10 c. c. add 3 c. ¢. nitric acid 1.20 sp. gr. 

Draw off 10 c. c. and add § c. c. nitric acid 1.20 sp. gr. 

( This step is very generally omitted and the whole amount ts oxi- 


dised, ) 

THIRD STEP. 
Oxidizing the solution, 
A—With lead oxide. 


Heat the solution in the test tube to boiling and add 0.5 gram 
of fine lead oxide. Boil 5 minutes, cool in cold water in the dark 
and allow to settle. 








MODIFICATIONS. 


Add 1 gram of lead peroxide and boil 2 minutes. Cool and 
allow to settle in the dark. 

Add 0,2 to 0.5 gram of lead oxide and boil 3 to 4 minutes. 

Add 0.2 gram of lead oxide and boil 30 minutes. 


B—With ammonium persulphate and silver nitrate. 

(1 gram charge was taken, dissolved in 30 c. c. nitric acid 1.20 
made up to 100 c. c. and 10 to 20 c. c. taken according to the per 
cent. of the manganese.) 

The solution in the test tube is warmed and a little ammonium 
persulphate added and then 5 c. c. silver nitrate solution. (1 gram 
in 250 c. c.) then add a little more ammonium persulphate. 
MODIFICATIONS. 

(0.1 gram was dissolved in a test tube in roc. c. nitric acid 
1.20). 

Add to the solution in the test tube 15 c. c. silver nitrate solu- 


tion (1.33 grams to a litre) and 1 gram of ammonium sulphate crys- 
tals and heat in water bath till a good pink color is formed, then 
place in cold water to prevent further action. 

FOURTH STEP. 

Comparison of colors. 

Decant the oxidized solution into comparison tubes and com- 
pare the determination with the standard which has been carried 
through under exactly the same circumstances. Dilute the sample 
until it is exactly the same color as the standard, or vice-versa, and 
a calculation is made taking into account the amount of the origin- 
al solution used. ; 
MODIFICATIONS. 

A permanganate solution of known strength is occasionally 
used in place of standard. 

( The standard and sample must be of nearly the same per cent. of 
manganese in order to obtain good results, The variations in treat- 
ment etc, are counteracted, provided that these are performed at the sam 
time on the standard and the standard is of the same kind of iron as the 
sample under analysis. The use of a permanganate solution as a stand- 


ard is open to many objections .) 
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PROCEEDINGS OF THE METALLURGICAL SECTION. 


HERBERT E. FIELD, SECRETARY, 


STANDARD METHODS FOR ANALYSING IRON. 


TOTAL CARBON. 


The work of the American members of the International Steel 
Standards Committee should relieve our Association of any work 
on this subjeét. I should not feel it necessary to even outline these 
methods if it were not for .the fact that many still adhere to the 
methods which have been pronounced inaccurate by the highest au- 
thorsties on iron analysis. Many of the methods examined esti- 
mate the combined carbon in iron by color, and the graphitic car- 
bon by direct weighing, and add these two together and call the 
sum, total carbon. Both of these methods are open to decided ob- 
jeCtions, and contain errors which cannot be avoided. The com- 
bination of the two results makes the total carbon obtained little 
more than guess work. The determination of carbon in iron, espe- 
cially in grey iron, is a difficult matter under the best of conditions. 
It is difficult to obtain uniform samples from drillings high in graph- 
itic carbon, owing to the tendency of the graphite to remain in the 
finer portions of the sample. The practice of moistening the whole 
sample with alcohol and then sele¢ting the portion used for the de- 
termination, is said to partly obviate this difficulty. | When an ex- 
tremely accurate analysis of pig or cast iron is desired, the best 
method is to drill a certain amount of the sample and use the whole 
amount drilled for the carbon determination. 

Numerous methods for the separating and estimating the car- 
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bon have been used with various degrees of accuracy. The methods 
under consideration at present are those which would form suitable 
standard methods for analysis of iron in every-day laboratory work. 
Objections have been raised to every method proposed for the esti- 
mation of total carbon in iron. The American Steel Standard Com- 
mittee advocated the use of an acid potassium chloride solution for 
the solution of the drillings in the face of statements made by some 
of the most prominent chemists in the world, that carbon could not 
fail to be evolved as gas when so treated. What is first desired is 
accuracy, and next to accuracy is uniformity in results by chemists 
in general. The method which will give the greatest degree of ac- 
curacy in the hands of the greatest number of chemists, even if it 
be open to asingle theoretical objection, is far superior to methods 
which go through so much red tape that the errors due'to manipu- 
lation more than exceed the errors which they are supposed to 
eliminate. 

All the methods examined for the determination of the total 
carbon in iron sent in by the different chemists in response to the 
call of the standardizing committee, separated the iron from the 
carbon by an acid solution of copper potassium chloride. The 
methods of estimating the separated carbon varied considerably. 
Some oxidized it in a porcelain or platinum tube, others in a special 
crucible, while still others used the sulphuric and chromic acid 
methods. 

Blair gives a method which is used abroad, viz., the solution 
and oxidization of the borings in sulphuric, chromic and phosphor- 
ic acids, and direé&t weighing or measuring of the evolved carbon 
dioxide gas. This method has received comparatively little applica- 
tion here, although it is very favorably spoken of by foreign chem- 
ists. Many of our chemists who insist upon using the wet method 
for oxidation of the carbon, which has been separated by the cop- 
per potassium chloride method, might do well to substitute this 
method which greatly shortens the time for the determination and 
is said to be open to no objections not experienced in the combus- 
tion of the separated carbon in the wet way. 


OUTLINE. 


As was mentioned in the introduction, the methods in general 
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use in the United States, separate the iron and carbon by an acid 
copper potassium chloride solution. The only difference noted in 
the method examined, was the amount and the acidity of the solu- 
tion used and the time of adding the acid. Some dissolved the iron 
ina neutral solution and added the acid just before filtering the 
carbon. The majority, however, added the hydrochloric acid to 
the copper potassium chloride solution just before adding the latter 


to the drillings. 


CoprpER PoTASsIUM CHLORIDE SOLUTIONS. 


The following are typical of the copper potassium chloride so- 
lutions used. 


_ 300 grams per litre and add 5 per cent. hydrochloric acid when 

used. 

453 grams to litre, filter through asbestos, ‘and add 50. c. 
hydrochloric acid to the litre. 

378 grams to litre, filter through paper, then asbestos, and add 
5 per cent. hydrochloric acid when used. 

346 grams to litre, filter through asbestos, add ammonia to a 
slight precipitate, add 5 per cent. hydrochloric acid when used. 

A saturated solution, add 7% per cent. hydrochloric acid 
when used. 


FIRST STEP. 


Separation of carbon from the iron. 


Dissolve 1 gram of drillings in 100 c. c. saturated solution of 
copper potassium chloride and 7.5 c. c. hydrochloric acid. Stir 
constantly, preferably on stirring machine, temperature not to ex- 
ceed 60° or 70°, until copper is all dissolved. 


MODIFICATIONS. 


Dissolve 1 gram in 100 c, c.copper potassium chloride, and 
add § c. c. hydrochloric acid just before filtering. ; 

Dissolve by stirring on machine at temperature of the room. 

Dissolve by shaking one hour on revolving board, at tempera- 
ture of the room, 
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Dissolve 1 gram in 100 c. c. and add 10 c.c. hydrochloric 
acid, at a temperature of 70° C. 

Dissolve 1 gram in 150 c. c. of acid copper potassium chloride. 

Dissolve 1 gram in copper sulphate (1 to 5 solution). When 
all iron is dissolved add 16 c. c. of cupric chloride solution (1 to 2), 
and 12 c. c. hydrochloric acid and warm until the copper is dis- 
solved. 


( The chief variations in this set consist in the acidity of the solution 
and the temperature at which the solution should be heated. The acid 
solution gives higher results than the neutral solution. This may be due 
to the fac? that the neutral solution fails to decompose some carbon and 
iron existing in a condition which is not decomposed at the temperature of 
the ignition furnace. It might be due to either evolution of hydro-carbons 
or the slight solubility of the carbonaceous matter in the neutral solution, 
It has been proven that there is an evolution of hydro-carbons when the 
solution is heated above 70° C.) 


SECOND STEP. 


Filtration. is 


Filter on a platinum boat or tube and wash with 10 c. c. dilute 
hydrochloric acid and then with hot water until free from acid. 


MODIFICATIONS. 


Filter on a porcelain boat, wash with acid and water. 

Filter on a glass filtering tube, with a porcelain disc, wash with 
hydrochloric acid, and then with water, and for irons containing 
Tungsten or Chromium, with water only. 

Filter on a Gooch crucible, wash with hydrochloric and hot 
water. 

Filter on a Gooch crucible and wash with water. 

Filter on specially prepared asbestos filter, 

The three last modifications are for use in the Schimer com- 
bustion crucible. 

( The degree of washing depends upon the precautions taken in the 
absorption train for taking up any chlorine or hydrochloric acid gas. ) 
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THIRD STEP. 


Drying the residue. 


Dry at 1oo° C in an air bath. 

Dry at 110° C in an air bath. 

Dry at go° C for one hour. 

Dry at 85° C. : 

( The difference in temperatures used for drying arise from the fact 
that some chemists have claimed that the carbon residue containing moist 
oxygen gas, gives rise to carbon dioxide gas when heated to 100° C.) 


FOURTH STEP. 
Burning of the carbon. 


A.—APPARATUS. 


1. Porcelain combustion tube. 

Fill the forward end of a 25 inch porcelain combustion tube 
with 6 in. copper wire gauze, in a finely wound coil which has been 
heated for one hour in oxygen. Next to this place a piece of sheet 
silver rolled up to fit the boré and follow with the boat. Finally in- 
sert another coil of copper gauze. 


MODIFICATIONS. (Job & Davies) 


A 20-inch Berlin porcelain tube, 34 in. inside diameter, is fit- 
ted same as above, omitting the sheet silver. A piece of platinum 
foil as long as the boat lines the inside of the tube where the boat 
rests. The apparatus is so arranged that the boats may be put in 
and taken out without cooling off the tube. 


2. Platinum Combustion Tube. 


Fill the forward end of the platinum tube with a coil of platinum 
gauze. Then insert 6 inches of granular copper oxide, followed by 
another coil of platinum gauze. The boat comes next and then a 
coil of platinnm gauze. 


3. Combustion crucible. (Shimer) 


This is a water-jacketed platinum crucible and should be fol- 
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lowed by a small porcelain or brass tube containing granular cop- 
per oxide. The jacketed top may be removed and the carbon is 
inserted in the crucible either in a Gooch or’ specially prepared as- 
bestos crucible. 


4. Flask for Chromic Acid Combustion. 


This isa flat bottom flask containing a two hole rubber stopper 
through which passes a funnel tube and an outlet tube. 


( The apparatus used in burning off the carbon is a targe factor in de- 
termining the speed and accuracy of the determination. The large platinum 
and porcelain tubes require a longer time for the combustion and for heat- 
ing and cooling of the tubes. This is especially true with the porcelain 
tubes which are liable to crack. The apparatus of Job and Davies, which 
heeps the tube hot all the time overcomes this difficulty and allows a large 
number of determinations to be performed in one tube ina day. The 
Shimer combustion crucible greatly simplifies this part of the apparatus. 
It requires but one burner and a very small amount of space. With a 
good blast lamp and by the use of oxygen this apparatus admits of very 
rapid combustion. ) 


B.—PuRIFYING THE OXYGEN AND AIR. 


Use a bulb filled with caustic potash solution, followed by a U 
tube, the first side of which is filled with dry pumice and the other 
with calcium chloride. 


MODIFICATIONS. 


Use a bulb filled with caustic potash solution, followed by an 
empty tube. 

Use a tube filled with fused caustic potash. 

Use a bulb filled with caustic potash solution, followed by a 
tube containing solid caustic potash. 

Use a soda-lime tube. Pass the oxygen first over red hot cop- 
per oxide, then through a bulb containing caustic potash solution 
and atube containing granular calcium chloride and soda lime. 


(A furnace and tube for oxidizing any carbon compound 
in the oxygen and air, to Carbon dioxide, so that it may be absorbed by 
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the purifying train is in use in a few laboratories. It is not generally con- 
sidered necessary. ) 


C.—COMBUSTION OF THE CARBON. 


Burn out the apparatus until no increase in weight is found in 
the absorption tubes. Place the boat in the tube and start a current 
of oxygen through the apparatus. Light burners under the copper 
gauze first, then the rest of the burners in succession. Heat ten 
minutes after all are lighted. Ifa platinum tube, it should not be 
heated over a low red. Cool gradually, and draw or force 1 litre 
of air through while cooling. 


MODIFICATIONS. 


Fifteen minutes are allowed ina porcelain tube for combustion 
of the carbon after the tube is hot, 

(Job & Davies. See Apparatus. ) 

Seven minutes are allowed for combustion. The tube is al- 
ways hot after the first combustion. Then pass air through for 
12 minutes at 6 to 7 bubbles per second. 

Ten minutes are allowed for combustion ina 10 burner porce- 
lain tube furnace. Pass air through for ten minutes. 

If a ten burner furnace with porcelain tube, ten minutes are al- 
lowed for heating up, fifteen minutes for combustion, and _ thirty 
minutes for passing air. ' 

In a ten burner furnace fifteen to twenty minutes are allowed 
for combustion after the tube is hot. Air is drawn through for 
forty-five minutes. 

One hour is allowed for combustion in a porcelain tube. Air 
only is used. 

Burn in a Shimer combustion crucible, using air only, witha 
blast lamp, twenty five minutes is allowed tor the combustion of the 
carbon. When oxygen is used, 10 to 15 minutes is sufficient for 
combustion and 5 to 15 minutes are allowed to drive out oxygen. 

Burn in a Shimer combustion crucible placing a perforated disc 
of platinum on top of the carbon, then fill the crucible nearly full 
with ignited asbestos. In this manner a Bunsen lamp without 
blast is sufficient. 

Transfer carbon together with asbestos on which it was filtered 
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into a flask and burn off the carbon with sulphuric acid and chro- 
mic acid. toc. c. saturated chromic acid solution and rooc. c. 


hot sulphuric acid being used. 


( The wet and dry methods are both in common use in iron laborato- 
ries, The wet method claims an advantage in time in not having to wait 
to dry the carbon residue before combustion and in the expense over tubes, 
especiallly if platinum is used. Whenever any number of determinations 
are to be made in a day, several may be drying while one is being burned, 
so there is but little time saved when proper apparatus is at hand. Accu- 
racy should not be sacrificed to expense and there is a decided opinion 
amongst many prominent chemists that the wet combustion method is de- 
cidedly inaccurate. The tendency to imperfect? combustion and the evolu- 
tion of hydro-carbon gasses are held accountable for these errors. ) 


D.—PURIFYING THE EVOLVED CARBON DIOXIDE. 


First comesa Marchand tube, containing anhydrous copper 
sulphate to absorb hydrochloric acid which is followed by a calcium 
chloride tube. 


MODIFICATIONS. 


The first limb of the first tube contains anhydrous cupric sul- 
phate, the second limb contains anhydrous cuprous chloride. This 
is followed by a tube containing dry calcium chloride. 

Between the two tubes used in the above modification, put a 
small tube containing ro c. c. saturated silver sulphate in sulphuric 
acid. 

The first tube is filled with wet glass beads, this is followed by 
a calcium chloride tube, 

The first tube is filled with a solution of silver sulphate in con- 
centrated sulphuric acid. This is followed by an empty U tube 
which in turn is followed by a tube containing anhydrous copper 
sulphate and lastly comes the calcium chloride tube. 

The first tube is a U tube containing anhydrous copper sulphate 
and cuprous chloride, which is followed by a sulphuric acid tube. 

First comes an empty bottle, second is a bottle containing py- 
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rogallic acid solution, third is the silver sulphate solution, fourth is 
a tube containing sulphuric acid. 

Nothing is used between the tube and the bulbs containing the 
barium hydroxide solution used for absorption. 


( The difference in the solutions used for purifying is due to the vari- 
ation in opinion as to the best method of removing any cholrine or hydro- 
chloric acid which may come over from the combustion, ) 


E.—ABSORPTION AND WEIGHING OF THE CARBON DIOXIDE. 


Absorb the carbon dioxide in a weighed Leibig or Mohr bulb 
contaifing caustic potash solution, followed by weighed calcium 
chloride tube. The difference in weight before and after absorption 
gives the weight of the carbon dioxide. 


MODIFICATIONS. 


Absorb the carbon dioxide in a weighed soda lime tube. 

Absorb the carbon dioxide in a potsssium hydrate bulb follow- 
ed by a calcium chloride tube and Leibig bulb containing sulphuric 
acid. The three of which are weighed before and after combustion. 

Absorb the carbon dioxide in a weighed potassium hydrate 
bulb, followed by a weighed sulphuric acid bulb. 

Absorb the carbon dioxide in a potassium hydrate bulb, fol- 
lowed by a tube containing dried potassium hydrate. 

Absorb the carbon dioxide ina bulb containing barium hy- 
droxide solution (25 grams in 1 litre of water). Filter rapidly, using 
suction, burn in a muffle, in a platinum crucible until white, and 
weigh as barium carbonate. 

Absorb the carbon dioxide in a 10 bulb absorption tube con- 
taining 100 c. c. barium hydroxide. In extremely accurate cases it 
is necessary to dissolve the barium carbonate in hydrochloric acid 
and determine the sulphur, as some sulphur is always carried over. 
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PROCEEDINGS OF THE METALLURGICAL SECTION. 
HERBERT E. FIELD, Secretary, 


STANDARD METHODS FOR ANALYSING IRON. 


GRAPHITIC CARBON. 


The term graphitic carbon in ordinary iron parlance, includes 
temper carbon and it is not possible to separate the two by chemi- 
cal means. The distinction between them is one of structure. 
Chemical analysis at present confines itself to a separation of the 
carbon into two divisions, graphite and combined carbon. In cast 
iron the combined carbon is generally determined by subtracting 
the graphitic carbon from the total carbon. The line separating the 
combined from the graphitic carbon is somewhat indistinct. _Dif- 
ferent acids and different strengths of the same acid give different 
percentages of graphitic carbon. _There is a fine opportunity here 
for a standardizing committee to fix an arbitrary rule as to the kind 
and strength of acid used in determining the graphitic carbon in 
iron. There are probably two reasons for this variation in the ac- 
tion of acids upon the graphitic carbon. The best known reason is 
the fact that the combined carbon includes a carbide which is only 
partially decomposed by hydrochloric acid, but is entirely decom- 
posed by nitric acid. _Irons containing this carbide carbon always 
give higher results when treated with hydrochloric acid than when 
nitric acid has been used as the solvent. The second reason is due 
to the fact that the different strengths of acids have different effects 
upon groups of carbon particles which probably form a transition 
between the combined and temper carbon. 

White or chilled irons show the greatest difference when 
treated with hydrochloric and nitric acid. This is due to the fact ~ 
that the carbide carbon in white iron greatly exceeds that in grey 
iron. A recent work on iron analysis makes the following state- 
ment: ‘‘The use of nitric acid is preferable with grey iron low in 
combined carbon, while hydrochloric acid is better for white iron 
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high in combined carbon.’’ This is just opposite to what those 
familiar with the analysis of white and chilled iron have found. By 
far the larger number of methods examined now use nitric acid, but 
a considerable number still cling to hydrochloric acid for the solution 
of the sample. 

A carbide of titanium undecomposed by hydrochloric acid is 
found in some pig iron. It is decomposed by nitric acid which 
gives another reason in favor of the latter as a solvent in graphite 
determinations. 

The difference in the method of determining the amount of the 
separated carbon gives rise to another difference in procedure in 
determining graphite. Some burn the graphite in oxygen or by 
sulphuric acid and chromic acid, as mentioned under total carbon. 
Others weigh the carbon direct, while still others determine the 
amount of carbon by weighing the carbonaceous residue, burning 
off the carbon in a crucible and calling the difference graphite. 

Several of the methods recommend the separation of the dril- 
lings with a magnet and determining the graphite in the portion 
which adheres to the magnet. This procedure is incorrect for any 
of the iron determinations, but it is especially so in the determina- 
tion of graphite. A very much larger proportion of the graphite 
remains in the part unattracted by the magnet. Some mix the 
sample with alcohol before withdrawing the portion for analysis in 
order to more thoroughly mix the free graphite with the rest of the 
sample. 


OUTLINE 
FIRST STEP. 


Solution of the sample. 


Dissolve 1 gram of drillings in 20 c. c. nitric acid 1.20 sp. gr. 


MODIFICATIONS. 

Dissolve 1 gram in 100 c. c. nitric acid 1.20 sp. gr. and add 2 
drops of, hydrofluoric acid. 

Dissolve 1 gram in 40 c. c. nitric acid 1.13 sp. gr. 

Dissolve 1 gram in nitric acid 1.13 sp. gr. and add 3 or 4¢.¢. 
of hydrofluoric acid. 

Dissolve 1 gram in 60 . c. nitric acid 1,135 sp. gr. boil keep- 
ing volume constant. 








XL 








YUM 


195 


Dissolve 1 gram in a (2 to 3) solution of nitric acid and add 1 
c. c. hydrofluoric acid. 

Dissolve 2 grams in 40 c. c. nitric acid 1.20. 

Dissolve 2 grams in 1ooc. c. nitric acid 1.135 sp. gr. and add 
3 c. c. hydrofluoric acid. 

Dissolve 5 grams in 125 c. c. nitricacid 1.13 sp. gr. and add 
10 c. c. hydrofluoric acid. ; 

Dissolve 1 gram in 100 c. c. dilute hydrochloric acid. 

Dissolve 2 grams in 50 c. c. hydrochloric acid 1.12 sp. gr. 

Dissolve 1 gram in 40 c. c. hydrochloric acid (1 to 1) for soft 
iron and in 20 ¢. c. nitric acid 1.20 sp. gr. for hard irons. 


( Nitric acid 1.13 sp. gr. is in common use due to the fac? that it 
retains a considerable amount of the silicon dioxide in solution and thus 
renders the filtering of the graphite easier. Some results frequently quoted 
of T. M. Drown A. I. M. E. Vol. IIT p. 41, bear directly on this 
step. The white and grey parts of the same sample were treated with 
hydrochloric and nitric acids with following results. Dissolove in hydro- 
chloric acid 1.20, digested at moderate heat, evaporate to dryness, take up 
in hydrochloric acid, wash with water, sodic hydrate , alcohol and ether. 
Grey part gave percent of graphitic carbon 2.84, The white part gave 
percent of graphitic carbon 1.31, 1.47. When the samples were boiled 
briskly with hydrochloric acid for one half hour and washed as above, 
grey part gave 2.46 and 2.50 graphitic carbon; the white part gave .21 
and .23 graphitic carbon. Treat with an excess of nitric acid 1,27 and 
when action ceases add hydrochloric acid evaporate to dryness and proceed 
as above, Grey part gave 2.37 graphite; the white part gave .06 .03 
graphitic carbon. The results show very plainly that some standard 
should be adopted as to the kind and strength of acids and time of boiling. 
The above is not an exceptional instance as those who have experience 
in analysis of hard iron can testify. ) 


SECOND STEP. 
Filtering the Graphite. 


A.—For combustion and weighing as carbon dioxide. 


Filter on the same platinum boat or tube as described under 
Total Carbon. 
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MODIFICATIONS. 
Filter on an asbestos plug for Shimer combustion apparatus. 
Filter on a Gooch crucible with asbestos felt for Shimer com- 
bustion crucible. 


B.—For direct weighing as graphite. 
Filter through a weighed Gooch crucible. 


MODIFICATIONS. 

Filter through tared filters, placing the filters in separate fun- 
nels and pouring the filtrate and washings from the graphite residue 
through the second filter. 

Filter through two counterpoised filters folded together. 


C.—For burning off the graphite in the crucible and deter- 
mining it by loss of weight. 


Filter on a Gooch crucible, weigh the dried residue, burn off 
the carbon, and call the difference graphite. 
MODIFICATIONS. 

Filter on a Gooch crucible, using a paper disk in place of as- 
bestos, weigh crucible with and without the disk. 

Filter on an asbestos plug, transfer to a platinum crucible, dry 
and weigh, and determine the graphite by the difference in weight. 

Transfer the tared filter mentioned in B toa platinum crucible 
and weigh. Burn off the carbon and determine the graphite by 
difference. 


THIRD STEP. 
Washing the graphite. 
Wash the residue with hot dilute hydrochloric acid, then with 


hot caustic potash solution, then with dilute hydrochloric acid, and 
finally with water. 


MODIFICATIONS. 
Wash with hydrochloric acid, caustic potash, alcohol, ether, 
and water. 
Wash with ro per cent. nitric acid, and then with hot water. 
Wash once with dilute nitric acid, thrice with hot water, twice 
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with 10 per cent. caustic potash solution, thrice with hot water, 
twice with hot dilute hydrochloric acid, thrice with hot water, and 
twice with ether. 

Wash thrice with hot water, twice with hydrochloric acid( 1- 1) 
once with water, twice with ammonia (1 - 3) twice with hydrochlo- 
ric acid, five times with water. 

Wash with water and hydrochloric acid alternately, then with 
ammonia and water alternately and then with water. 

Wash with water, then with hot hydrochloric acid, then with 
hot water, then with 5 per cent. ammonia until washings are color- 
less, then with water till free from ammonia and finally with a mix- 
ture of alcohol and ether. . 

Wash with dilute hydrochloric acid, then with ro per cent. 
caustic potash solution, then with hydrochloric acid, then with 
water and finally with ether. 

Wash the precipitate from the double balanced filter into a beak- 
er add roc. c. of aqua regia, boil, filter on same papers and wash 
with water. Wash again in the same beaker, add one-fourth ofa 
stick of caustic potash, boil, filter on the same filter and wash with 
water, 


( The various methods of washing have in view the removing of any 
solid or liquid hydrocarbons which are supposed to be insoluble in water 
alone, Fotassium and sodium hydrate are used to dissolve any silica 
which might clog the filter or prevent a complete washing. When nitric 
acid is used as a solvent the hydrocarbons are supposed to be evolved or 
dissolved. Some of the methods for direct weighing wash the residue on a 
weighed Gooch crucible with sufficient acid and alkali to cause a varia- 
tion in weight of the asbestos used and thus introduce an error, ) 


FOURTH STEP. 
Determination of the Graphite. 


A.—By estimating the evolved Carbon Dioxide. 


The graphite on a boat, crucible or plug is transferredto a 
combustion apparatus and determined by the methods shown under 
Total Carbon. 
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B.—By direct weighing of the Graphite. 


Weigh the graphite which has been filtered onto a weighed 
Gooch crucible, the silicon having been destroyed by hydrofluoric 
or caustic potash. 


MODIFICATIONS. 


Weigh the carbon on countorpoised filters. The difference in 
the weight between the filter containing the carbon and its count- 
erpoise, equals the weight of graphite. 


C.—By difference in weight between the carbonaceous matter 
and the residue left after burning off the carbon in air. 


Weigh the carbonaceous matter on a Gooch crucible which has 
been dried at 115° C., burn off the carbonaceous matter; 97 per 
cent. of the difference in weight equals the weight of graphite. 


MODIFICATIONS. 

Weigh the residue on tared filters. The difference in weight 
minus the weight of the residue left after combustion of paper con- 
taining the graphite is called graphite. 

The weight of the residue on Gooch crucible with paper dis!: 
minus the weight of the crucible and the disk equals the weight of 
the carbonaceous matter. Burn off the carbonaceous matter and 
weigh the residue. Subtract the weight of the crucible without the 
disk and the remainder equals the weight of the residue not graph- 
ite. Subtract this from the weight of the carbonaceous matter and 
the difference in weight equals graphite. 

Weigh the carbon on asbestos plug in platinum crate. burn 
oft the carbonaceous matter, difference in weight is called graphite. 

The temperature to which the carbonaceous residue was _heat- 
ed varied from 96° to 120° C. 

( The so-called direé? methods of weighing the graphite are not con- 
sidered accurate by many authorities. Tt was a question whether it 
would be possible to adopt one of these methods as a standard owing to the 
Jac? that the accuracy varies with the different kind of iron analysed. ) 
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PROCEEDINGS OF THE METALLURGICAL SECTION. 


HERBERT E. FIELD. Secretary, 
STANDARD METHODS FOR ANALYSING IRON. 


COMBINED CARBON. 


Authorities agree that an accurate determination of combined 
carbon in iron by the color method is’ practically impossible and 
state that the total carbon should be determined by combustion and 
the graphite by combustion, and the difference called combined 
carbon. 

A considerable number of the methods examined stated that 
the color method was used for the determination of combined car- 
bon in iron. The number who gave a detailed description of this 
method was insufficient to warrant an outline being made. The 
color method for combined carbon is valuable solely as an indica- 
tor of the percentage of carbon in steel and is accurate only when 
the standards used are ofthe same percentage and kind as the 
sample under analysis. It would be impossible for a laboratory to 
have a sufficient number of standards of cast iron to make this pro- 
cess accurate. 

It is now well known that the color method depends upon the 
amount of combined-carbon in two conditions. The so-called hard- 
ening carbon and the carbide carbon. The coloring power of these 
two differ and if we strike an average of what authorities say on 
this matter, it is probable that the carbide carbon exerts twice the 
coloring power of the hardening carbon. When one considers that 
the ratio between these forms of carbon depends upon the rate of 
cooling between certain temperatures it will be readily seen how 
difficult it would be to get anything like uniform percentages ina 
material such as cast iron. 

It would seem therefore that great as the advantage might be 
that it would be practically impossible for a committee to adopt 
such a method for a standard in the analsis of cast iron. 
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PROCEEDINGS OF THE AMERICAN COMMITTEE ON 
STANDARD SPECIFICATIONS FOR CAST IRON 
AND FINISHED CASTINGS. 


The meeting of organization of this committee was duly held 
in Philadelphia on April 25 as announced, 23 members being pres- 
ent, and 18 having sent letters of regret. Mr. Walter Wood, 
chairman, in his opening address reviewed at length the history of 
the movement toward better methods of judging cast iron and fin- 
ished castings. He further described the action of the Congress at 
Buda-Pest when this question was brought before its notice, and 
finally the present status so far as America is concerned. Prof. Ed- 
gar Marburg, the Secretary of the American Society for testing 
Materials, who was present by invitation, also explained the posi- 
tion of the committee in relation to the various phases of the gener- 
al problem, and a general discussion followed, participated in by 
Messrs. Wood, Marburg, Colby, Cook, Field, Kinkead, Outer- 
bridge, Saunders, Souther, Touceda, Zehnder, and Moldenke, 

A great number of points were brought out, among which the 
following may be mentioned. Inthe proposed pipe specifications 
it was urged to put in a clause limiting the sulphur contents, the 
erratic behavior of pipe with excessive amounts of this element, 
while passing tests of strength and soundness seeming to necessitate 
it. The representatives of pig iron were heartily in accord with the 
proposed standardization of the methods of buying and selling this 
material on chemical requirements. It was brought out that this 
method was now almost universal, that while the smaller foundries 
were still calling for grades, yet they also were gradually specifying 
chemical limits, and that it would be only a question ofa short time 
when grade numbers would be obsolete. It was the sense of the 








meeting that in regard to pig iron a suitable sub-committee should 
draw up specifications for the proper taking of samples, also if pos- 
sible work on standardization of methods of analysis of these 
samples, to fix the limits of variation from the specified composition 
allowable, and to leave the fixing of chemical requirements for the 
different classes of castings to the respective sub-committees on 
those branches. 

It was interesting to note the unanimity with which the repre- 
sentatives of pig iron and the buying interests alike desired the 
speedy consummation of this work of standardization; the varied 
requirements, limits of variation allowed, and occasionally very 
poor methods of sampling creating confusion and trouble for the 
parties of both parts, most of which could be thus avoided, even 
though at the present time this is nothing to what the old grading 
methods were chargeable with. 

On the subject of pipe it was brought out that very little diffi- 
culty would be experienced, as this subject was practically shaped 
up by the various associations interested. It would then remain for 
our committee to adapt the results at hand to the requirements of 
international trade, and in this the assurance was given that the 
contestants for the world’s markets are quite ready to co-operate. 

The same was brought out for the car wheel interests. The 
Rail Road, or buying interests, have long gotten the matter of car 
wheel specifications into definite shape, and as Europe is beginning 
to look-more favorably upon cast ‘iron wheels, for economic reasons, 
a sub-committee on this line of foundry produét would be expected 
to take the work already done, and adapt it for international pur- 
poses, always remembering that American practice should be -rep- 
resented in the specifiications to be prepared. 

Malleables, cylinders, electrical and machinery castings, as 
well as castings made from furnace iron, also came in for some dis- 
cussion. It was brought out that there were many varieties of 
work which required no specifications, such as stove and furnace 
castings, as they were bought for purposes other than strength and 
quality. When, of course, it came to radiators, or cast iron boiler 
parts, this was another matter, and these questions should be taken 
up in their turn further on. 

The general subject of the testing of cast iron was next taken 
up. It was the sense of the meeting that this important matter 
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should be gone into with a view of specifying clearly how cast’ iron 
should be handled in the testing machines, what tests were the best 
ones to make,and as much light to be given on the subject as possi- 
ble. The elaborate tests of the American Foundrymen’s Association 
were referred to and the specifications adopted by that association 
were explained by its secretary. It was shown that the actual limits 
for strength for the various classes of casting were not given in 
these specifications, as it was felt that the consumers and others inter- 
ested besides the foundrymen should have a say in this. The Ameri- 
can Foundrymen’s Association would therefore gladly welcome ac- 
tion on these matters by the International and American Societies 
for testing materials, having made th: investigations in question 
only with a view of bringing out the best methods of properly judg- 
ing cast iron on its merits, and specifying how this should be done 
in the light of experience probably not available to others not in the 
actual performance of this kind of work. 

Finally it was resolved that all the work should be done by 
sub-committees appointed by the chair. The classes tobe taken 
up being as follows:—Pig Iron, Pipe, Cylinders, Car Wheels, 
Malleable Cast Iron, General Castings, and Methods of testing Cast 
Iron. 

As it is important te have some outline of the work ready for 
discussion at the coming convention of the American Society for 
testing Materials, to be held at the Delaware Water Gap, July 1, 2, 


and 3, it is expected that the chairmen of the various committees 
will draw up memoranda of the specifications, as they understand 
them to benecessary. Then they can as soon as possible, send 
these memoranda to the members, of their committee for criticism, 
revision and enlargement, After hearing from all the members, it 
is desired that the chairmen give their summary to the Secretary 
of the general committee for preparation for the convention, as well 
as for transmittal to the full membership of the committee for further 
discussion and criticism. When finally all this matter is in, it will 
be referred back to the respe¢tive chairmen for discussion and 
final shaping up by the respective committees, and then reported 
to the full committee for adoption and transmittal to American body 
for ratification and promulgation as the American Specifications for 
the testing of cast iron and finished castings. It then becomes a 
matter for International Conference. 
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The following are the committees appointed by the chair- 
man, Mr. Walter Wood: 
PIG IRON 
Mr. Edgar S. Cook, Warwick Iron & Steel Co., Chairman. 
Mr. Hugh W. Adams, Sloss-Sheffield Iron & Steel Co. 
Mr. George H. Eldredge, B. Nicoll & Co. 
Mr. Frederick A. Flather, International Harvester Co., Chicago, Ill, 
Mr. Wm, Gerhauser, Superior Charcoal Iron Co, 
Mr. W. W. Hearne, Matthew Addy & Co. 
Mr. W. G. Scott, J. 1. Case Threshing Machine Co. 
Mr. C. H, Zehnder. Rogers, Brown & Co. 
PIPE. 

Mr. Walter Wood, R. D. Wood & Co., Chairman. 

. H. A. Croxton, The Massillon Iron & Steel Co, 

.J. K. Dimmick, Dimmick Pipe Co. 

. L. R. Lemoine, U.S. Cast Iron Pipe Co. 

. W, R. Webster, Consulting Engineer. 

CYLINDERS. 
.H.V. Wille, Baldwin Locomotive Works, Chairman. 
. J. F. Kinkead, American Locomotive Works, 


. P, Kreuzpointner, Pennsylvania Rail Road. 
. E. R. Wood Jr., R. D. Wood & Co. 

CAR WHEELS. 
. Chas. B. Dudley, Pennsylvania Rail Road, Chairman, 
. Geo. M. Davidson, C, & N. W, Railway. 
. R, Job, P. & R. Rail Road. 
. Wm, W. Lobdell, Lobdell Car Wheel Co, 
. A. A. Outerbridge Jr., Wm. Sellers & Co, 
. C, W. Sherman, Pennsylvania Malleable Co. 
..A. W. Slocum, Keystone Car Wheel Co. 
.C, H, Vannier, Griffin Wheel Co. 


MALLEABLE CAST IRON. 


. Stanley G, Flagg Jr., Stanley G. Flagg & Co., Chairman, 
.H.E, Diller, Western Electric Co. 

. Richard Moldenke, American Foundrymen’s Association, 

.S. H. Stupakoff, German-American Society of Technologists. 
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GENERAL CASTINGS. 


Mr. Thos. D. West, Thos. D. West Foundry Co., Chairman. 
Mr. Jas. A. Beckett, W. A. Wood Mower & Reaper Co. 
Mr. L. M. Fenner, New York Air Brake Co. 

Mr. P. S. Hildreth, Consulting Engineer. 

Mr. A. E. Loudon, Associated Foundry Foreman. 

Mr. R_ S. MacPherran, Allis-Chalmers Co. 

Mr. David Reid, American Machine Co. 

Mr. W. M. Saunders, Consulting Metallurgist. 

Mr. B. Viola, German-American Society of Technologists. 


TESTING CAST IRON. 
Mr. Henry Souther, Consulting Metallurgist, Chairman. 
Mr. Jos. W. Bramwell, Falkenau-Sinclair Machine Co. 
Mr. W. DuComb, Riehle Bros. Testing Machine Co. 
Mr. H. E. Field, Farrell Foundry & Machine Co. 
Prof. Wm. K. Hatt, Purdue University. 
Mr. J. C. Henshaw, N. S. Bartlett & Co. 
Prof. G. Lanza, Mass, Inst. of Technology. 
Mr. Edward Schroeder, with Dr. Chas. F. McKenna. 
Prof. H. W. Spangler,* University of Pennsylvania. 
Mr. Enrique Touceda, Consulting Metallurgist. 


It was further stated that the General Committee would be 
glad to add further names to their number and all members were 
resquested to feel free to suggest any names that they felt would 
add strength to the committee. The Chairman was given the 
authority to assign any new members to any committee that he felt 
desirable. 


PROCEEDINGS OF THE NEW ENGLAND FOUNDRY- 
MEN’S ASSOCIATION. 


The Iron Age, April 16. The monthly meeting of the New 
England Foundrymen’s Association was held at Hotel Essex, Bos- 
ton, Wednesday, April 8. There wasa large attendance, more 
than the usual number of members being attracted by the promised 
papers and by the fact that they had matters of importance to dis- 
cuss. Henry A. Carpenter, of Providence, the president of the 
association, was in the chair. A brief business meeting was first on 
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the programme, at which two new members were elected—the 
Starkweather & Williams Company of Providence. R, I., and 
Henry Souther, of Hartford, Conn. Two papers were read, one at 
the close of the business meeting, before dinner, by O. C. Barrows, 
accountant for the A. Carpenter & Sons Foundry Company, of 
Providence, on ‘‘Foundry Accounting and Methods of Estimating 
Costs of Castings,” and the other, after dinner, by F. T. Towne of 
the Yale & Towne Mfg. Company, of Stamford, Conn., president 
of the National Founders’ Association, on ‘‘The Labor Situation in 
Our Foundries.’’ Naturally both papers were heard with deepest 
interest. Mr. Barrows illustrated witha series of cards used in his 
cost system, copies of which were given each of the members pres- 
ent. It was voted by the association to print this paper in full for 
circulation, including the illustrating cards. 


PROCEEDINGS OF THE PHILADELPHIA FOUNDRY- 
MEN’S ASSOCIATION. 


The Iron Age, Aprilg. The regular one hundred and twenty- 
seventh meeting of the Philadelphia Foundrymen’s Association was 
held at the Manufacturers’ Club in that city, Wednesday evening, 
April 1. 

President Devlin, after calling the meeting to order, an- 
nounced in a few words the death of Thomas I. Rankin, the late 
president of the association, who died suddenly on March 22, from 
complications resulting from a surgical operation. Mr. Rankin 
was a man of high integrity, sterling worth and exemplary charac- 
ter, and his loss will be greatly felt by the association. Eulogistic 
remarks were also made by Josiah Thompson, W. H. Ridgway, 
Horace Evans and others after which it was moved that a com- 
mittee be appointed to prepare suitable resolutions of regret to be 
presented to the late Mr. Rankin’s family and to his former employ- 
ers, the Abram Cox Stove Company, and to be inscribed on the 
minutes of the association. The motion being unanimously passed, 
the president appointed the following committee: Josiah Thompson, 
O. J. Ward, Thos. J. Kelly, Howard Evans. They will report at 
the next meeting. 

The report of the treasurer, showing a balance of $2101 on hand, 
with all bills paid, was read, and there being no other business be- 
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fore the association, the paper for the evening was announced, the 
subject being ‘‘The Schwartz Melting and Refining Furnace’ by 
Edward H. Schwartz, Chicago, Ill. In Mr. Schwartz's absence 
the paper was read by Geo. C. Davis. It was illustrated by lantern 
slides. 

There being no discussion on the subject, the programme was 
proceeded with, and portions of a paper entitled ‘‘Melting Steel 
with Cast Iron,” by R. P. Cumningham, Holyoke, Mass., were 
read after which the meeting adjourned. 





